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The synthesis of several "fulvenoid dipoles", molecules incorpo­
rating both fulvene and 1,3-dipolar moieties, were accomplished.
Both aromatic and anti-aromatic resonance structures can be 
written for all fulvenoid and heptafulvenoid dipoles, but the extent 
of their contribution to the ground state of these molecules, and 
therefore, the stability of these systems is not immediately obvious 
by this theory. However, a qualitative application of an orbital 
interaction model leads to the prediction that fulvenoid dipoles, 
formally consisting of diene and 1,3-dipole units, will be stabilized 
when the 1,3-dipolar unit is a good donor (low ionization potential), 
while heptafulvenoid dipoles will be stabilized when the 1,3-dipole 
unit is a good acceptor (high electron affinity). According to this 
model, the fulvenoid nitrone, N-cyclopentadienylidenemethylamine 
oxide, is expected to be a reactive system (like cyclopentadienone), 
while the seven-membered analog, N-cycloheptatrienylidenemethylamine 
oxide, a relatively stable molecule (like tropone).
Only substituted analogs of the fulvenoid nitrone, N-2,5-dimethyl-
3,4-diphenylcyclopentadienylidenemethylamine oxide and N-3-t-butyl- 
cyclopentadienylidenemethylamine oxide, could be synthesized in this 
work; the parent molecule is too reactive to permit isolation or 
trapping in a number of attempted syntheses. The three-membered 
analog, N-2,3-diphenylcyclopropenylidenemethylamine oxide, also 
resisted attempts at synthesis, in spite of the prediction of electronic 
stabilization for this molecule.
xii
Reactions of N-2,5-dimethyl-3,4~diphenylcyclopentadienylidenemethyl- 
amine oxide with ethyl (or methyl) propiolate and methyl acrylate were 
regioselective, giving spiro compounds with substituents at C-4 of the 
isoxazoline or isoxazolidine ring; the isoxazoline adduct from ethyl 
(or methyl)propiolate reaction rearranged readily to corresponding stable 
fulvenoid azomethine ylide which was unreactive toward dipolarophiles; 
reactions of this fulvenoid nitrone with methyl vinyl sulfone and styrene 
gave mixtures of the 4- and 5-substituted regioisomers, preferentially 
the 4-substituted adduct. The periselectivity and regioselectivity of 
these reactions are shown to be compatible with frontier orbital 
theory. Attempts to react this nitrone with very electron-rich 
dipolarophiles failed.
N-3-t-butylcyclopentadienylidenemethylamine oxide had a very 
low reactivity toward electron-deficient or electron-rich dipolaro­
philes; it only reacted with methyl propiolate cleanly to give the 
spiro-type, 4-substituted isoxazoline, which rearranged to the corre­
sponding fulvenoid azomethine ylide upon heating.
Frontier orbital theory predicts that electron-deficient alkenes 
and alkynes should show a loss or reversal of regioselectivity in 
reactions with electron-rich nitrones, with 4-substituted adducts 
favored with very electron-rich nitrones. To confirm this prediction, 
reactions of two electron-rich nitrones (C-cyclopropyl-N-methylnitrone 
and C,C-dicyclopropyl-N-methylnitrone) with four electron-deficient 
dipolarophiles (methyl propiolate, methyl acrylate, acrylonitrile, 
and phenyl vinyl sulfone) have been investigated.
xiii
Reaction of C-cyclopropyl-N-methylnitrone and these dipolarophiles 
gave mixtures of 4- and 5-substituted regioisomers (phenyl vinyl 
sulfone and ethyl propiolate gave predominantly the 4-substituted 
adducts).
Reaction of C,C-dicyclopropyl-N-methylnitrone and methyl acrylate 
and acrylonitrile gave predominantly the 4-substituted isoxazolidines, 
while the reactions of this nitrone with phenyl vinyl sulfone and 
methyl propiolate were regioselective for the formation of 4-substituted 
adducts. Both electron-rich nitrones gave 5-substituted isoxazolidines 
in reactions with styrene. These type of products indicate that 
steric effects do not control regioselectivity. These results are 




PART A. General Introduction
+  +  -
The 1,3-dipoles a = b - c or a = b - c, are formally zwitter-
ionic systems isoelectronic with the allyl or propargyl anions, both
of which have four ir electrons distributed on three adjacent atoms.
The a, b, c components of the dipole are generally C, N, and 0, and
less commonly the second row elements (e.g., S, P).
The 1,3-dipoles can react with multiply bonded systems, d = e,
or d = e, called dipolarophiles, to give five-membered cyclic
compounds. These types of reactions have been developed into
generally useful methods for five-membered heterocyclic synthesis,
since many 1,3-dipoles are readily available and are reactive with
most alkenes and alkynes1 and heteroanalogs.
+
a c a c
 * \ /( J & S S S 0
1,3-Dipoles are divided into two main categories. 1.3-Dipoles 
with and 1,3-dipoles without octet stabilization. The former dipoles 
are further divided into two classes: 1,3-dipoles with a double
bond (e.g., diazoalkanes, nitrile oxides) and 1,3-dipoles without 







r-c =S-c r 2 <—— > r -c=$=c r 2 Nitrile ylides
1 o iii < c _ — > R-C=S=NR Nitrile imines
R-C=t-0 4—— » R-C-S=0 Nitrile oxides
Diazonium Betaines
n e $-c r 2 4— n=^=c r 2 Diazoalkanes
+53inss 4 - N=&=NR Azides
n =$-5 4——> N=S=0 Nitrous Oxide
Azomethinium Betaines
r 2c-S(r )-c r 2
r 2c=Scr)-n r 
r 2c=S(r )-0
R„C4(R) =CR„2 2 
r2c-S(r)=nr





r 2c=*6-c r 2 4 - — > r 2c -o =c r 2 Carbonyl yiides
r  c=$-n r 4—— > r 2c-S»n r Carbonyl imines
R,C=S-6 2 <r-- > r 2c -&=o Carbonyl oxides
0 ii 01 « — — > Ol 1 ?*
■
o Ozone
*A more complete list of 1,3-dipoles is given in reference 2.
3
1,3-dipoles without octet stabilization are not isolable 
species and occur as short-lived, highly reactive intermediates. 
However, in some cases they can be trapped by a suitable dipolaro- 
phile.2
In general, 1,3-dipoles do not necessarily have high dipole 
moments. Actually, the charge distributions in two octet structures 
largely balance one another2.
The two all-octet resonance forms of the most common 1,3-dipoles 
are shown in Table I.2
In 1957, Huisgen and his coworkers recognized the generality of 
these species and their synthetic utility, and undertook extensive 
systematic studies of these reagents.
In 1938, Smith3 had reviewed the available data on 1,3-additions 
without distinguishing between cycloadditions and additions, but 
prior to Huisgen*s work, only a few papers about 1,3-additions 
appeared in the literature.
Mechanistic studies have shown that cycloadditions of 1,3-
dipoles to alkenes are stereospecifically suprafacial, solvent-
polarity has little effect on reaction rates, and small activation
enthalpies and large negative activation entropies are generally
found.1’2 ’4 These facts, along with reactivity and regioselectivity
phenomena, are compatible with a concerted mechanism.1’2’1*’3
Consideration of orbital symmetry5*3’7 and observation of thermally
allowed £u4 +  2 1 and [ 6 + 4 ] additions to trienes, provide as i r s  t t s t t s  ’ c
further evidence for a concerted four-center mechanism.8
4
The most difficult phenomenon to explain was the experimentally 
observed regioselectivity (selectivity in direction of addition to 
an unsymmetrical alkene or alkyne) of most 1,3-dipolar cycloadditions, 
including nitrones. Prior to 1973 nitrone, e.g. 1, cycloadditions 
to unsymmetrical or monosubstituted alkenes, e.g. 2, had always been 
observed to give the 5-substituted isoxazolidines (3) regardless of 
the nature of the alkene substituent, Si+.
wise diradical mechanism; however, Huisgen has convincingly argued 
that the mechanism of nitrone and other 1,3-dipolar cycloadditions 
is generally concerted. In the absence of a stronger argument,
substituent on the nitrone, Si and S2 , and the alkene substituent,
S^, favor the formation of the less sterically hindered 5-substituted 
isoxazolidine 3.
Houk et al.11 *12 in 1973, proposed a qualitative theory 
to rationalize reactivity, regioselectivity, and peri- 
selectivity (selective formation of one of the thermally 
allowed products) in 1,3-dipolar cycloadditions. The
2 3
To account for these observations, Firestone® proposed a step-
Huisgen1*3 * h a d  proposed that steric repulsion between a carbon
5
theory suggests that regioselectivity is produced by electronic 
rather than steric factors. In order to test these ideas Houk and 
Sims*^ investigated the cycloadditions of the sterically unencumbered 
N-t-butyl nitrone as well as C-phenyl-N-methyl nitrone and demon­
strated that the nitrone reactivities in cycloadditions were related 
to the relative disposition of the interacting frontier orbitals, 
while the regioselectivity and periselectivity was related to the 
coefficients of the interacting frontier orbitals.
In accord with the frontier orbital model of 1,3-dipolar cyclo­
addition regioselectivity, the normal preference for formation of 
5-substituted isoxazolines and isoxazolidines in cycloadditions of 
nitrones to substituted alkenes changes to a preference for the 4- 
substituted (reversed) adduct as the ionization potential of the 
nitrone decreases, or that of the alkene increases. In other words, 
the smaller the energy gap between the two interacting frontier 
orbitals, the faster the reaction, and the more tendency for the 
formation of the reversed adduct.
Prior to this work, very few nitrones were known with donor 
substituents at carbon. The expectation, according to the model, 
was that these compounds would have much lower IPs than usual 
nitrones, and that they would be much more prone to undergo 
"reversal" of regioselectivity with electron-deficient alkenes than 
were other nitrones.
One of the goals of this research was to test this idea experi­
mentally by synthesizing novel electron-rich nitrones and studying 
their cycloadditions to electron-deficient dipolarophiles (styrene
6
as well) to Investigate the regioselectivities in these reactions.
To this end, novel electron-rich C-cyclopropyl-N-methylnitrone and 
C,C-dicyclopropyl-N-methylnitrone have been synthesized and regio­
selectivity studies for reactions of these nitrones with dipolaro­
philes were carried out.
It was also desired to synthesize compounds of the type 4 and 5 
which for their structural similarities with fulvenes and hepta- 
fulvenes as well as their dipolar nature are called fulvenoid and 
heptafulvenoid dipoles, respectively.
Fulvene and heptafulvene are only moderately polar molecules.
The "aromatic” zwitterionic resonance structures, shown below, have 
little contributions to the ground state of these parent molecules. 
These molecules are both very reactive and resinify rapidly in the 
presence of air. However, strong stabilization results from substi­
tution of donors at the 6-position of fulvene (e.g., 6-dimethylamino- 
fulvene) or acceptors at the 8-position of heptafulvene (e.g., 8,8- 
dicyanoheptafulvene and tropone). In both cases, the zwitterionic 
resonance structures must increase in importance, increasing the 
stability of these molecules. On the other hand, no 6-acceptor 
substituted fulvenes have been reported and cycloheptadienone
4 5
dimerizes at a diffusion controlled rate,, Similarly, 8-donor sub­
stituted heptafulvenes are not readily prepared.
While the resonance theory accounts adequately for this type 
of phenomena, it is less easily applied to systems where X in 6 or 
7 is a more complex polyatomic grouping, e.g., a 1,3-dipole.
6 7
Aromatic resonance structures can be written for all fulvenoid 
and heptafulvenoid dipoles, e.g. 8 and 9, but the extent of their 
contribution to the ground state of these molecules is not immediately
8
obvious. For example, diazocyclopentadiene is unusually stable and
been isolated.*5 In the case of fulvenoid dipole 10, the first 
zwitterionic resonance structure implies stabilization, the latter
destabilization. It is not a trivial matter to decide, on the basis 
of resonance theory, whether 10 would be a stable or unstable compound. 
That is, 10b is an attractive resonance structure as far as the ring 
aromaticity is concerned, but not so attractive from the viewpoint 
of the NO group.
These fulvenoid dipoles may undergo a variety of cycloadditions. 
The formation of all the thermally allowed periisomeric and regio- 
isomeric products shown in Figure 1 is possible in the reaction of 
fulvenoid nitrone 10 with monosubstituted dipolarophiles, ■ ■ ■
Subscripts "N" and "X" indicate reactions at endocyclic or exocyclic 
it system, respectively. Orbital symmetry selection rules do not 
reveal which of the several possible adducts are most favored. Even 
though the sites of reactivity might be determined qualitatively with 
explicit calculations, only experimental results could provide an 
unambiguous answer to the question of periselectivity.
The main objective of this research was to synthesize the novel 
N-cyclopentadienylidenemethyl (or phenyl) amine oxide (IQ) and then
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Figure 1. The Thermally Allowed Products for the
Reaction of N-Cyclopentadienylidenemethyl- 
amine Oxide and the Dipolarophile, "~~~\ .
S
10
study the stability of this compound as well as the phenomena of 
periselectivity and regioselectivity in its reactions with dipolaro- 
philes. These in general could help to (a) gain a better insight into 
the relative stabilities of fulvenoid dipoles where the X in 6 is 
any 1,3-dipolar fragment, (b) provide new entries into novel 
heterocyclic systems, (c) provide further information about peri­
selectivity and regioselectivity in 1,3-dipolar cycloaddition 
reactions.
In the event, the parent nitrone 10 has resisted attempts at 
synthesis. However, the stable substituted analogs of 10, N-
2,5-dimethy1-3,4-diphenylcyclopentadienylidenemethylamine oxide and 
N-3-t-butylcyclopentadienylidenemethylamine oxide, have successfully 
been synthesized by the routes outlined in Section IIA. The 
observations of unusual reactivity and regioselectivity of these 
novel fulvenoid nitrones toward dipolarophiles are discussed in Part 
IID of this dissertation.
PART B. Structure and Syntheses of Nitrones
Beckman first reported the synthesis of azomethine N-oxides 
(nitrones) in 1889. They were formed in attempted O-alkylations of 
oximes.16 Because of many similar reactions of nitrones and ketones, 
the name "nitrone” was suggested by Pfeiffer17 in 1916 from the 
contraction of the name nitrogen ketone. The four x electrons of the 
nitrone functional group, isoelectronic with an allyl anion system, are 
capable of resonance18 as shown below.
R,sc=n'R3 <-- 1 Vc-n^ *— » V +< R3
<  9 9 <  %o
Generally the nitrones have large dipole moments oriented in the 
direction of the N-0 bond.18 This indicates a high contribution of 
structure a in the ground state of the molecule. However, the two 
all-octet structures, a and c, appear to make the most significant 
contributions to the resonance hybrid.1 *11 *12
Because of the presence of the CN double bond, substituted
O Anitrones exhibit cis-trans isomerism. Some examples of ketonitrones^11 
(11a, lib), nitronic esters21 (12a, 12b), aldonitrones22 (13a, 13b), 
for which the two isomers have been isolated and characterized by 
dipole-moment measurements, u.v, or nmr analysis, are shown below.
11
12
ci s t r a n s
NC « *0 Ph y0
> ~ N ^  > =  N
Ph \  Ph NC ^ P h
II a lib
H , .0 NC 0
> <  > - <
NC X 0R H OR
12a 12b
u n  C M e o
M  + / °  6  5 + / u
> K> Me H
13a 13b
The trans isomer is generally more stable than the cis isomer 
and the latter is readily converted into the trans isomer by heating. 
Aldonitrones, in most cases, exist solely in the trans form at room 
temperature.
The two most common ways of preparing nitrones are the conden­
sation of aldehydes and ketones with N-substituted hydroxylamines, 
and the oxidation of NjN-disubstituted hydroxylamines.2  ̂ Nitrones 
can also be synthesized by the reactions of aromatic nitroso compounds 
with activated methyl or methylene groups (Krohnke reaction),2** by 
the reaction of nitroso compounds with diazo compounds,25 by the
13
direct alkylation of nitroso compounds with oxonium salts,26 by the 
reaction of sulfur ylides with nitrosobenzene,27 and by the alkylation 
of oximes.28 Joullie has recently reported a mild, general method 
for preparing aldehyde and ketone methylnitrones as stable trans 
forms in high yields from the reaction of N-methylhydroxylamine-O- 
sulfonic acid with imines.28
The prepartion and chemistry of nitrones were reviewed in 1938,3 
1964,38 1965,31 and 1975.32 The preparations of nitrones were reviewed 
in 1972.33
PART C. Cycloaddition Reactions of Nitrones
1. Synthetic Utility
Nitrones (azomethine oxides) have been known since Ernst 
Beckmann's time (1890); he discovered additions of nitrones, such as 
N-benzyl-0-benzaldoxime (14), to phenylisocyanate, one of the early 
examples of 1,3-dipolar cycloadditions and apparently the first 
reported 1,3-dipolar cycloaddition reaction of nitrones.34 The 





♦s + Ph -  N = 0*0 Ph
Ph
14 15
In 1919 Staudinger and Meischer35 reported the reactions of 
several nitrones with phenylisocyanate and diphenylketene, but the 
structures of the adducts were incorrectly assigned. Smith3 reviewed 
the chemistry of nitrones in 1938. Many papers concerning the 
syntheses of nitrones appeared in the literature during the next 
twenty years, but no cycloaddition reactions of nitrones were 
reported.3® ’31 In 1957 the addition of 1,3-dipoles including 
nitrones to CC double and triple bonds of all kinds was developed by 
Huisgen and coworkers. Their extensive studies led to a clear
14
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classification of dipolar reagents and to a recognition of their 
synthetic uitlity.* The cycloaddition reaction between nitrones 
and various dipolarophiles has proved highly useful in the syntheses 
of a host of compounds of practical and theoretical importance. The 
generally excellent yields of cycloadducts and often high and 
predictable regioselectivity, stereoselectivity, and numerous 
possibilities for further transformation of the product isoxazolidines 
recommend the syntheses of this type of five-membered heterocycles.1 
Additions of nitrones to CC double and triple bonds give rise to 4,
5, or a mixture of 4 and 5-substituted isoxazolidines and isoxazo- 
lines. Isoxazolidines are usually quite stable, but in some cases 
the formation of isoxazolines is accompanied by thier transformation 
to a variety of compounds by different pathways.
The nitrones do not have to be isolated in pure form before 
reactions with dipolarophiles. They can be prepared in situ by the 
reaction of N-substituted hydroxylamines and the carbonyl compounds 
in the presence of a dipolarophile3® , which in some cases is used as 
solvent. In situ generation is very convenient for the nitrones 
which are unstable or cannot be prepared in a pure state or which 
can be prepared only in low yields.
There are cases where the cycloadditions of nitrones with 
dipolarophiles are reversible37 but only limited data suggest 
that nitrone cycloadditions may be subject to kinetic and thermo­
dynamic control which could otherwise complicate the explanation 
of the regioselectivity in the addition of an unsymmetrical dipolaro- 
phile to these species. S.S-Dimethyl-A^-pyrroline-N-oxide (16) reacts
16
rapidly with ethyl acrylate at room temperature to give 100% yield 
of the 5-substituted isoxazolidine 17 and slowly with the ester at 
100° to give 98% of the 4-substituted isoxazolidine (18).38 No 
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When the alkene and nitrone moieties are suitably arranged in 
the same molecule a fused bicyclic isoxazolidine can be formed as 
shown in equation 1. This useful synthetic idea was first investi­
gated by LeBel and coworkers,39* using molecules in which the nitrone 
was separated by a propylene or butylene chain from the alkene.393 
The unsaturated nitrones were not isolated but were generated either 







oxo-alkene with N-methylhydroxylamine. The intramolecular cyclo-
(e.g. dl-ot-bisabolols1*1*) , and dl-biotin1*5.
Beside cycloadditions to CC multiple bonds, nitrones readily 
undergo reactions with a wide variety of carbon-nitrogen, carbon- 
sulfur, carbon-phosphorus multiple bond systems (nitriles and 
carbonyls are very unreactive toward nitrones) to produce various 
heterocyclic five-membered rings which are in some cases otherwise 
inaccessible. Summaries of the synthesis of heterocyclic systems 
utilizing cycloadditions of nitrones are shown in Table II. All the 
references for these cycloadducts are cited in reference 32.
Polyfunctional nitrones have been used for the syntheses of 
novel polymers. One example is a polymer of type 20 from the 
polymerization of an unsaturated nitrone 19.1+6
additions of nitrones have also been extended by other workers1*0 
beside extensive studies of LeBel.3® This exceptionally versatile 
procedure1*1 has been employed in the preparation of such diverse 
products as alkaloids (e.g. dl-luciduline,dl-cocaine1*3) , terpenes
\  + /
Table II. Cycloaddition of Nitrones ( N ) With Multiple Bond System.
DIPOLAROPHILE PRODUCT
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Table II (Continued).
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Taking advantage of 1,3-dipolar cycloaddition principle, some 
attempts have also been made in preparation of linked and fused ring 
heterocycles.1+7 The research in nitrone chemistry as useful inter­
mediates in preparative methods is still actively continuing.
2. Reactivity
The reaction rates of 1,3-dipolar cycloaddition are greatly 
susceptible to both electronic and steric characteristics of dipoles 
and dipolarophiles which affect the nature of the transition state.1® 
Huisgen has attributed the variation in the reactivity of the 
methylated acrylic esters toward cycloaddition with 1,3-dipoles 
largely to steric factors. The relative rate constant for cyclo­
addition reaction of C-phenyl-N-methylnitrone decreases as the 
number of methyl substituents on the dipolarophile increases. The 
data are shown in Table III. For reactions of monosubstituted alkenes 
shown in Table IV, the electronic effects of the substituents 
apparently have the greatest influence on cycloaddition reactivity. 
Dipolarophiles such as nitriles and carbonyl compounds are generally
21
Table III. Relative Rate Constants for Cycloaddition of C-phenyl-N-
me thy Ini t rone with Methylated Acrylic Esters ,‘t8
A c r y l i c  e s t e r
/ C H 3
> = N C
P h ^  +  ^  0 
K 2 ( m e t h y l  a c r y l a t e  ) = I 0 0
H \ c = = c  - ' " " H  
H ^  ^ C 0 2 R
100
H > c C C H 3
H ^ C 0 2 R
3 0
h 3 C ^ c = c c : : h
H ^ C 0 2 R
8 . 4
h 3 c > c = c < h
h 3 c ^  ^ c o 2 r
0 .6 3
H 3 C ^ c _ _ r  ^ - C H 3
h 3 c  ^  ^ c o 2 r
0 .0 2 3
unreactive in 1,3-dipolar cycloadditions,1 ’50 unless they are 
"activated". The activation of such dipolarophiles is mostly done
by means of Lewis-acid catalysts.51
The substituents on nitrones also play a major role in the 
reactivity of these species. According to Huisgen10 ,lt8 the configu­
rations of nitrones are of primary importance in determining their 
reactivity. The data in Figure 2 illustrate the wide range of
22
Table IV. Relative Rate Constants for Cycloaddition of C-Phenyl-N-
methylnitrone with p-substituted Styrenes.48’1*9
A l k e n e
H \  ^ C H 3 
Ph + ̂ 0  
Kg(  s t y r e n e )  = 1 . 0 0
P-CH3 O-C6 H 4 ^ 0 . 7 3
P-CH3 ~Cg H4 0 . 7 9
c 6H5 ^ = 1 . 0 0
p-CL 1 . 6 8
p~N0 2 “^6 H4 ̂ 4 . 3 6
reactivity of nitrones with ethyl crotonate. 3,4-Dihydroisoquinoline- 
N-oxide (21) is 224 times more reactive than the electronically 
similar but configurationally different C-phenyl-N-methylnitrone (22). 
Dihydroisoquinoline N-oxide (21) is 35,000 times more reactive than 
the sterically similar but electronically different isoquinoline N- 
oxide (23). Loss of the aromatic stabilization energy of 23 and of 
other heteroaromatic N-oxides in cycloaddition reactions drastically 
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Figure 2. Rate Constants, k£ * 105 (lit mol ^ s e c  *), 
for the Reactions of Nitrones and Ethyl 
Crotonate in Toluene at 100°C.18,48
As shown in Table V, in reactions of C-phenyl-N-£-substituted aryl- 
nitrones with ethyl crotonate the reaction rate increases with increas­
ing electron-withdrawing ability of para-substituents on the N-aryl 
group of these nitrones. Huisgen18 has attributed this rate enhance­
ment to the gain in resonance energy due to interaction of the unshared 
electron-pair at the trivalent nitrogen with R in the adduct 24. This 
type of interaction is absent in nitrones. Thus, the greater the 
ability of the aromatic nucleus to accommodate electrons, the more the 
driving force for cycloadditions and therefore the faster the reaction.
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Table V. Relative Rate Constants for the Reaction of N-Substituted
C-Phenylnitrones with Ethyl Crotonate.
R
-  , - ^ E> t o l u e n e  , j V S
224
R k2(rel)
c h 3- 2.0
£-CH30-C6H4- 7.1
c 6h 5- 10.0
£- c i -c 6h 5- 15.8
3. Mechanism
Classically, cycloaddition mechanisms have been grouped into three 
categories: (1) a concerted mechanism, involving simultaneous forma­
tion of both new bonds; (2) a stepwise dipolar mechanism, involving a 
zwitterionic intermediate, and (3) a stepwise diradical mechanism, 
involving a diradical intermediate; these are summarized in Figure 3. 
Huisgen and his coworkers were the first to investigate the mechanism 
of 1,3-dipolar cycloadditions• tta*10 The results of their study were in 
complete agreement with a single step, four center mechanism which is 
now universally accepted for these types of reactions. However, 
Firestone® has challenged the concerted mechanism with his proposed two- 
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Figure 3. Possible Mechanisms for 1,3-Dipolar 
Cycloadditions.
(a) Stereospecificity
For kinetically controlled cycloadditions of nitrones as well 
as other 1,3-dipoles with dipolarophiles, stereospecific suprafacial 
addition always takes place with retention of configuration (stereo­
chemistry) of the olefin in the final adduct. For example, 3,4- 
dihydroisoquinoline N-oxide (21) reacts with dimethyl fumarate and 
dimethyl maleate to give the adducts 27 and 28, stereospecifically 
in 100 and 95% yields. In the zwitterionic intermediate of the type 
25 and spin-paired diradicals of the type 26 the stereochemistry ofM IM "* **
the olefin could be lost. No exception to this stereospecificity 
are known at present. This represents one of the strongest arguments 
for the concerted mechanism. The cases where stereospecificity has not 
been observed were due to the primary adduct being transformed into 
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Firestone argued that the two-step mechanism can also give suprafacial 
stereochemistry, if the energy barrier for rotation around the 
single-bond d-e in the intermediate 26 is greater than the activation 
energy for ring closure or for reversion to reactants. Huisgen1*3 
carried out calculations to show that if rotational barriers were 
normal in 26, the activation barrier for the reversion process must be 
smaller than 1.3 kcal/mol, which is contrary to our chemical 
intuition for breaking of a a-bond. On the other hand, according 
to Huisgen, the activation barrier for closure should have a negative 
value which practically means the elimination of the second step of the 
diradical mechanism, so that only a single step mechanism is probable.
27
(b) Solvent Effects
The observation of a rate change by a factor of only 5.6 in 
addition of C-phenyl-N-roethylnitrone to ethyl acrylate upon changing 
solvent from nonpolar toluene or benzene to polar nitromethane or 
ethanol (Table VI) effectively eliminates the possibility of the 
zwitterionic intermediate (which is characterized by a large solvent 
effect)53 of the type 25 in favor of a concerted process. Huisgen 
has rationalized the small solvent effects in Table VI in terms of 
dipole moments.43’10 The absence or small extent of solvent 
dependence is typical of 1,3-dipolar cycloadditions.4®’54 Diradical 
intermediates cannot be excluded by this phenomenon since reactions 
involving these types of intermediates show a similar insensitivity 
to solvent polarity owing to the lack of appreciable charge separation 
in the transition state leading to such species.55
(c) Activation Parameters
Generally 1,3-dipolar cycloadditions have small activation 
energies and large negative activation entropies. For example, AH^ 
and AS*4 for the cycloaddition of C-phenyl-N-methyl nitrone (22) and 
methyl methacrylate in toluene are found to be 15.7 kcal/mol and 
-32 e.u., respectively.1® The magnitudes of these quantities indicate 
only small bond breaking and a large degree of order in the transition 
state.57 This observation is often considered as an evidence for a 
concerted mechanism.57 According to Firestone, in a two-step cyclo­
addition involving a diradical intermediate the large negative 
entropy of activation may be expected if the activation energies for 
both advance and retrograde motion along the reaction coordinate
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Table VI. Solvent Effect on the Rate Coefficients k2 (lit-mol 1-sec *) 
of the Cycloaddition of C-Phenyl-N-methylnitrone and Ethyl 
Acrylate at 85°C.148
SOLVENT F - j f U t f C ) i o \ 2
TOLUENE 3 3 .9 4 .8 0
BENZENE 3 4 .9 4 .2 4
DIOXANE 3 6 .0 2 .7 7
ETHYL ACETATE 38.1 2 .6 2
PYRIDINE 4 0 .2 2 .2 2
ACETONE 4 2 .0 1.66
DIMETHYL FORM AM IDE 4 3 .6 1.64
ACETONITRILE 4 6 .0 1.63
NITROMETHANE 4 6 .3 1.69
ETHANOL 81.6 0 .6 6
a) Ê , is an empirical solvent polarity parameter.88
29
from this intermediate are very small.®3
(d) Reactivities of Dipolarophiles
Conjugation increases the dipolarophile reactivity of all 
multiple bonds;10 also no reactivity difference is found between 
reactions of benzonitrile oxide with acrylic esters and with 
propiolic esters.**® These observations are used by Firestone to oppose
the concerted mechanism in favor of the diradical mechanism. From 
Firestone's point of view, only a dipolar or a diradical intermediate 
can derive stabilization through conjugation and hence increase the 
reaction rate. Furthermore, in cycloadditions of some 1,3-dipoles, 
e.g. benzonitrile oxide, the formation of aromatic systems should bring 
about greater reactivity for acetylenic dipolarophiles over their 
ethylenic counterparts in a concerted process.
In Huisgen's opinion these phenomena can be explained by two 
effects: (1) conjugation increases the polarizability of the ir-bond
of the dipolarophile, (2) in a concerted process the two new a bonds 
are formed simultaneously (at the same time) but not necessarily in 
a synchronous manner (at the same time and rate). The unequal progress 
of bond formation in the transition state together with the fact that 
one addend acts as electron donor and the other as electron acceptor 
leads to partial charges at the transition state. These phenomena 
can also be explained in more comprehensible terms by frontier molecular 
orbital theory, as shown in a later section.
(e) Isotope Effects
A suitable modern experimental technique to study concertedness
30
in cycloadditions is the analysis of primary and secondary kinetic 
isotope effects.
In the study of 1,3-dipolar cycloadditions of a carbonyl ylide 
to the three isomeric monodeuterated styrenes, specifically labelled 
at the olefinic positions, an identical secondary isotope effect 
k^/kp = 0.96-0.97 was found.58 This suggests that both the new bonds 
have been formed to a comparable extent in the transition state in 
accord with a concerted process. This small inverse isotope effect 
was also interpreted as signifying that the transition state is more 
reactant-like than product-like. It was also pointed out that the 
above results may not be inconsistent with a diradical mechanism.583 
However the primary 11+C-kinetic-isotope effect found in the reaction 
of specifically labelled l4C-phenyl-N-phenylnitrone with either 
a-11+C or fJ-^C labelled styrenes is only in agreement with the 
concerted mechanism.58
4. Regioselectivity
In principle, the formation of two regioisomeric products is 
possible in cycloaddition reactions of nitrones with unsymmetrical 
dipolarophiles. However, prior to 1973, nitrones (and other 1,3- 
dipoles) were believed to add to monosubstituted dipolarophiles in 
a unidirectional fashion, giving 5-substituted adduct exclusively. 
Firestone's free radical theory could account for exclusive formation 
of 5-substituted adducts since the intermediate diradical 31 leading 
to the formation of 5-substituted adduct 29 is presumably more 
stable (regardless of the electron-donating or electron-withdrawing 
character of S) than the intermediate diradical 32 leading to the
31
s s s s
0.
29 30 31 32
formation of 4-substituted isomer 30. However, the mechanistic 
studies on 1,3-dipolar cycloadditions apparently do not give experi­
mental support for formation of such diradical intermediates. For 
heteroatomic dipolarophiles (nitriles, aldehydes, ketones), Huisgen 
proposed a principle of maximum gain in a-bond energy to explain the 
regioselectivity of their cycloadditions to 1,3-dipoles.10*50^ 
Energetically the formation of C-0 a-bond is favored over the 
formation of N-0 a-bond. For reactions of nitrones with alkenes or 
alkynes, on the other hand, where both directions of addition produce 
the same amount of a-bond energy, Huisgen suggested that in the 
transition state leading to the formation of 30, the steric repulsion 
between carbon substituents on the nitrone and the alkene substituent 
S, favor the formation of the less sterically hindered 5-substituted 
adduct 29.
Two exceptions to this behavior (formation of 5-substituted 
adduct) were reported by Huisgen60: a 58:42 mixture of 4- and 5-
substituted isoxazolines 33 and 34, respectively, was obtained in the 
reaction of methyl propiolate with C-phenyl-N-methylnitrone, and only 
the 4-substituted isomer 35 was obtained with 3,4-dihydroisoquinoline
32
N-oxide (21). The formation of 33 and 35 was contrary to both the 
steric arguments of Huisgen and the free radical theory of Firestone.
M « M «
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In order to account for these observations, a frontier molecular orbital 
theory has been developed to explain regioselectivity phenomena in 
all 1,3-dipolar cycloadditions, and will be discussed in Section ID.
PART D. Perturbation Treatment of 1,3-Dipolar Cycloadditions
Perturbation molecular orbital theory has been used as a power­
ful tool for the understanding of diverse chemical phenomena.61 
Application of this theory to all cycloaddition reactions have 
recently been reviewed by Herndon62 and Houk66. Sustmann,6** Fukui 
et al.,65 and Houk et al.,11 *12 are pioneers in applying perturbation 
theory to 1,3-dipolar cycloadditions.
1. The Frontier Orbital Concept
Salem has derived an approximate second-order perturbation 
expression (equation 2) for the change of energy which accompanies 
the interaction of two molecules involved in a cycloaddition 
reaction.62’66
AE = + qb)YabSa„ - I.QaQb f  +
ab ab
first term second term
(E C C y )2 occ unocc unocc occ a b ab
2( E E - E E ---- ------ ) (2)
R S R S Tl "" S
third term
In this equation q 's are orbital electron densities, respec-
Sl
tively, at atomic orbitals, a, in molecular orbital R, Q *s are
“  cl
total electron densities, i.e. 2Eqa> y ^  is the interorbital inter­
action integral and is the interorbital overlap integral for 
atomic orbitals a and b in MO's R and S, and C ’s are the atomic“  “* 3
33
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orbital coefficients at atom £i in molecular orbital R, S2 is the 
Coulombic repulsion integral and e is the local dielectric constant. 
Er  and Eg are energies of the molecular orbitals R and S .
The first term is a closed-shell repulsion term, the second 
term is a Coulombic repulsion (or attraction) term, and the third 
term is called variously the delocalization, overlap, or charge- 
transfer stabilization. In most perturbation treatments of cyclo­
addition reactivity, the first and second term of equation 2 are 
neglected. Furthermore, only two of the terms, those involving the
HOMO’s and LUMO's of the two molecules are frequently used. Each 
2CaCbY bof these terms, — ----- if—  corresponds to the energy change occurring
ER ~ S
upon interaction of a filled orbital with a vacant orbital.
In general, the extent of lowering of an Orbital by mixing with 
a higher energy orbital is given by:
(Hii)2Ae =   (3)
Ei "  Ei
The interaction of two orbital results in depression of the 
energy of the lower energy orbital and raising of the energy of the 
higher energy orbital, as represented in Figure 4.
According to equation 3, the extent of energy change, AE, is 
inversely proportional to the difference in energy (e - e, ) of thecL D
orbitals prior to interaction.®1 Interaction between the it orbitals 
of both reactants are usually the only ones considered for 
cycloadditions, since these orbitals will overlap most in the 
transition state of a cycloaddition. Equation 3 represents the
Figure 4. The Interaction of Two Orbitals.
interaction of all the filled orbitals of one molecule with all the 
unfilled of the other (of correct symmetry), and vice versa. Inter­
actions between the highest occupied molecular orbital (HOMO) of one 
addend and the lowest unoccupied molecular orbital (LUMO) of the 
other, and vice versa, is the largest of these interactions, simply
because this orbital pair has the smallest value of e. - e., andi 3
hence interact most; a schematic diagram is shown in Figure 5. The 






Figure 5. Orbital Interactions of Two Molecules.
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1.3-dipolar cycloadditions, the reactivity and regioselectivity are 
determined by these orbital interactions, although other factors such 
as closed-shell repulsions and Coulombic terms (equation 2), briefly 
discussed below, as well as steric effects will also have some 
influence.
The first term or the closed-shell repulsion term is antibonding 
in nature since it arises from the interaction of the filled orbitals 
of the one molecule with the filled orbitals of the other. The 
magnitudes of the energy lowering for the bonding combination is less 
than raising for the antibonding combination; therefore, the first 
term contains a good deal of enthalpy of activation. The magnitude 
of the closed-shell repulsion term is often the same for the two regio- 
isomeric transition states in the reaction of a monosubstituted 
dipolarophile with a 1,3-dipole, thus, in this type of reaction 
where the formation of two regioisomeric products are possible, the 
first term does not have a major impact in determining the regio­
selectivity.
The second term is Coulombic repulsion or attraction term. For 
dipolarophiles with strongly electron-withdrawing substituents, Z, 
ground state polarization in the sense (S+)CH2 CH(S-)Z results in 
Coulombic terms favoring the formation of products with substituent 
Z on the carbon remote from the "anionic" terminus (which always 
has a larger negative charge than the "neutral" terminus) of the
1.3-dipole. However, it has been shown that the reversal of regio­
selectivity in addition of monosubstituted electron-deficient alkenes 
to some 1,3-dipoles (nitrones, nitrile oxide) is mainly governed by
37
interacting frontier orbital coefficients, and that the Coulombic 
effect has little role in determining the regioselectivity. Thus, 
even though the second-term has a negligible effect on regioselec­
tivity, in some cases it increases the energetic preference for forma­
tion of the same regioisomer favored by the overlap effect. On the 
other hand, the overall effect of Coulombic-term on rate of cyclo- 
addition reactions is undoubtedly nonnegligible. There will be an 
overall acceleration of rate as the dienophile is made more positive, 
since all dipoles have excess negative charges on the terminal atoms. 
That is, in addition to the effect of frontier orbital separation 
on rate, there will be a constant superimposed preference for 
reaction of 1,3-dipole with electron-deficient dipolarophile.
2. Frontier Orbitals of Alkenes and Alkynes
If frontier orbitals of ethylene are taken as a model for C=C 
systems, then the substituents will influence the energy of the 
orbitals and change their coefficients.
Substituted ethylenes are divided into three broad classes: 
electron-rich (CH2 = CHX and CH2 = CHR), electron-deficient (CH2 =
CHZ), and conjugated (CH2 = CHC) alkenes.11 The orbital energies 
and coefficients of ethylene and the three classes of substituted 
ethylenes are shown in Figure 6. In this figure the size of the 
orbitals are roughly proportional to the calculated coefficient for 
representative members of each class of alkenes. Calculations using 
CNDO/2 and EH methods for the orbital energies and coefficients of 
alkenes have been performed by Houk et_al.11,12 The orbital energies 
are based on experimental values of v ionization potentials for
E (ev)
Figure 6.
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compounds of a given class, and on measured or estimated electron 
affinities. 1 1 * 12
Electron-rich alkenes are divided into two subclasses: the
electron-rich alkyl ethylenes (CH2 - CHR) and the very electron-rich 
alkenes such as enamines and enol ethers (CH2 “ CHX). Both types of 
alkenes have frontier orbitals which are raised in energy with 
respect to those of ethylene. Trends in the destabilization of 
frontier orbital energies are similar, but more drastic for the 
very electron-rich alkenes which are substituted with more powerful 
electron donors such as alkoxy or amino groups.1 1 ’ 12 The energy of 
the HOMO is increased more than the LUMO with increasing the strength 
of the donor, e.g. alkyl to alkoxy. The greater the number of 
substituents, the less the ionization potential of the alkene and 
the higher the energy of the HO molecular orbital. The large 
coefficient for the HOMO of all electron-rich alkenes is on the 
carbon removed from the substituent. The larger coefficient for 
the LUMO of the very electron-rich alkenes is on the carbon adjacent 
to the substituent, but the difference in coefficient magnitudes is 
smaller.
Electron-deficient alkenes (substituents which are simultaneously 
conjugating, e.g. -COR, -CN) have frontier orbitals which are lowered 
in energy with respect to those of ethylene. The magnitude of 
lowering of HOMO and LUMO increases as the acceptor strength increases, 
the latter more than the former. The larger coefficient in both 
frontier orbitals is on the unsubstituted carbon, with the difference 
in coefficient magnitudes much larger in the LUMO.
40
Conjugated alkenes have a higher HOMO and a lower LUMO energy 
than the corresponding orbitals of ethylene. The larger coefficient 
is on the unsubstituted carbon in both MO's . * 1 ’ * 2
The general characteristics of the frontier orbitals of alkenes 
and alkynes are similar. The HOMO of an alkyne is lower in energy 
than the corresponding alkene, e.g. IP(acetylene) = 11.4eV,6 8  
IP(ethylene) = 10.5eV,6 8 while the LUMO of an alkyne is more anti­
bonding and, therefore, higher in energy than that of the corresponding
alkene. The measured vertical electron affinities of acetylene and
ethylene are -2.6eV89 and -1.8eV,6 9 respectively.
3. Frontier Orbitals of 1,3-Dipoles.
All 1,3-dipoles are isoelectronic with allyl or propargyl anions 
which have a three atomic orbital system containing four electrons.
A comparison of the tt orbitals (derived from CNDO/2 calculations) of 
the allyl anion and two representative 1,3-dipoles, the parent 
nitrone and formonitrile oxide (fulminic acid) is given in Figure 
7 . 11 The sizes of the lobes of the 2p orbitals are roughly 
proportional to the coefficients at those positions. The HOMO of the 
allyl anion is high in energy because of the charged nature of the 
anion. Due to the electronegativity of the N and 0 atoms, replace­
ment of carbons by these heteroatoms results in lowering of the 
orbital energies of the parent nitrone and nitrile oxide. The HOMO 
of the nitrone is lowered more than the LUMO. Formonitrile oxide 
has a LUMO energy slightly higher than that of the allyl anion. The 
high energy value of the LUMO of formonitrile oxide is mainly due to 
its shorter bonds and to the linearity of the molecule which causes
41
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Figure 7. Frontier Orbital Energies and Coefficients for 
(a) Allyl Anion, (b) CH2NO, the Parent Nitrone, 
and (c) Formonitrile Oxide.
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a greater antibonding interaction between the 2p orbitals of C and 
N atoms and a weaker 1,3-bonding interaction as compared with the 
allyl anion. 11 As indicated in Figure 7 the "anionic" terminus 
has a larger coefficient in the HOMO whereas in the LUMO the larger 
coefficient is on the "neutral" terminus. However, the oxygen HOMO 
coefficient of the parent nitrone is only slightly larger than that 
of the carbon terminus. In general, compared with the parent 
dipoles, substituents will affect the orbital energies and the 
coefficients of the atoms, but do not reverse the relative size of 
the latter unless the parent 1,3-dipole has very similar coefficients 
on the two ends.
In order to gain some insight into the energies and shapes of 
the molecular orbitals of nitrones, the formation of the nitrone 
M O ’s from those of an imine and an oxygen atom in a singlet state 
is given below. This union has been carried out in a computational 
sense using MINDO/2 calculations.7® The IP’s which in terms of 
Koopmans' theorem are equal to -e _ were in good agreement with theoLr
1,3-dipole ionization potentials in cases where assignments are 
known.71 It is a common practice to discuss the substituent effects 
on ionization potentials in terms of orbital energy changes.
As shown in Figure 8 , the formation of a a-bond between N and 
0  induces a formal positive charge on nitrogen, increasing its 
effective electronegativity which lowers the energy of the and
orbitals. In this process, the oxygen gains a formal negative 
charge, and its orbital energy is raised. When CN and 0 are allowed 
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out-of-plane oxygen lone pair interacts with the and ir*_.TCN CN
orbitals to give the nitrone HOMO ( ^ jjq) • The nitrone HOMO is 
similar to that of nonbonding allyl anion, but is more heavily 
localized on the more electronegative oxygen terminus. The 
calculations indicate that the HOMO energy is about the same as the 
oxygen degenerate orbitals in the "cut-off" model. This is due to 
the fact that the destabilization of the oxygen lone pair resulting 
from mixing with the lower energy tt orbital is counterbalanced by 
mixing with the high energy orbital and by the lowering
resulting from the decrease in oxygen negative charge (from -0.78 to 
-0.58). The increase in energy of in-plane lone pair (n^) expected 
upon mixing with lower energy o orbitals of the imine moiety is 
overridden by the lowering resulting from decreased negative charge 
on oxygen, so this orbital is lowered. Therefore, this model 
predicts that the orbital is higher in energy than the n^
orbital. Both orbitals are delocalized to some extent, but the 
atomic coefficients whose magnitudes influence the effect of substitu­
ents in lowering or raising the energy of these orbitals, are quite 
different. Substitution at carbon should affect the orbital
energy more than substitution at nitrogen, because of the much 
smaller coefficient on nitrogen. In the same vein, C-substitution 
should have a larger effect on the irgjjg orbital than on the n^ 
orbital, while N-substitution should affect both an<i ng to a
similar extent, because these two orbitals have similar coefficients 
at nitrogen. These effects are shown in Figure 8 . MINDO/2 
calculations as well as the negatives of IP's obtained from PES data 
indicate that the electron-donating, conjugating, and electron-with­
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drawing substituents generally have the same effect on the frontier 
orbitals of 1,3-dipoles as they have on the frontier orbitals of 
ethylene: * 1 ’ 12 the HOMO energy of C-phenyl-N-methylnitrone (IP = 
7.89eV) is higher than the HOMO energy of N-t-butylnitrone (IP = 
8.64eV). The LUMO energy of the former is 0.2eV lower than the latter 
(by MINDO/2).
4. Frontier Orbital Treatment of 1,3-Dipolar Cycloadditions
Houk et al . 1 1 ’ 12 were able to rationalize the reactivity and 
the unsolved problem of regioselectivity phenomena in 1,3-dipolar 
cycloadditions by considering only the frontier orbital interactions 
of the addends.
Depending on the relative intermolecular HOMO-LUMO separation 
between 1,3-dipole and dipolarophile frontier orbitals, Sustmann£tf 
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Figure 9. Three Types of 1,3-Dipolar Cycloadditions.
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Type I, where the interaction of the HOMO dipole with LUMO dipolaro­
phile is greatest; Type II, where both frontier orbital interactions 
must be taken into account; Type III, where the LUMO dipole, HOMO 
dipolarophile interaction is greatest. The above three types have 
also been called more concisely HOMO, HOMO-LUMO and LUMO controlled
1.3-dipolar cycloadditions, respectively. Since the reactivity in
1.3-dipolar cycloaddition reactions is inversely proportional to 
the energy gap between interacting orbitals (equation 3), Type I 
and III reactions lead to fast reactions because they involve large 
frontier orbital interactions. In Type II reactions, the frontier 
orbital interactions are smaller and reaction rates should be 
correspondingly smaller. Qualitatively, substituents which raise 
the dipole HOMO energy or lower the dipolarophile LUMO energy will 
accelerate the HOMO-controlled (Type I) reactions and decelerate the 
LUMO-controlled (Type III) reactions. Conversely, substituents which 
lower the dipole LUMO energy or raise the dipolarophile HOMO energy 
will accelerate the LUMO-controlled reactions and decelerate HOMO- 
controlled reactions. HOMO-LUMO-controlled (Type III) reactions 
will be accelerated by an increase of either frontier orbital inter­
action. N-t-Butylnitrone reacts fast with both electron-rich and 
electron-deficient alkenes.7 2 This reactivity can be explained by 
considering the cycloaddition of N-t-butylnitrone with ethylene as 
Type II reaction, in which either raising the dipolarophile HOMO 
energy by an electron-donating substituent or lowering the dipolaro­
phile LUMO energy by an electron-withdrawing substituent would 
increase the dipole-dipolarophile frontier orbital interaction
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(Type III and Type I, respectively) and accelerate the reaction rate. 
The reactivity of C-phenyl-N-methylnitrone towards substituted
the ionization potentials of the dipolarophiles versus the rate
In a 1,3-dipolar cycloaddition reaction involving an unsymmet- 
rical dipolarophile, two modes of approach of the dipole to the 2 tt 
electron dipolarophile are possible, as shown in Figure 10.
allows maximal frontier orbital overlapping. Considering the second- 
order perturbation expression (equation 3), the preferred regio- 
isomer in a 1,3-dipolar cycloaddition will be the one for which 
is larger in the transition state; this will be the transition 
state in which the atoms with the larger terminal coefficients in 
the most strongly interacting pairs of frontier orbitals are united. 
In other words the large-large/small-small interaction (a) which 
causes unequal progress of the two new o-bond formation, is more 
stabilized than large-small/small-large interaction (b) in the 
transition state (Figure 11). The energy difference between the 
two isomeric transition states (a) and (b) is only 0.15 kcal/mol.
alkenes4*® can be discussed in a similar manner. Thus, plotting of
constants would generally result in a U-shape graph. 73
According to Fukui,61^ reactions take place in the direction which
+
/s s
Figure 10. Modes of Approach of Addends in 1,3- 
Dipolar Cycloaddition Reactions.
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As shown in Figures 7 and 8 , the larger terminal coefficient of the 
dipole LUMO is at the carbon atom (nitrones, nitrile oxides), and 
all dipolarophiles have the largest HOMO coefficient on the unsubsti­
tuted terminus, so, a dipole LUMO controlled reaction (Type III) 
will predominantly lead to the formation of the 5-substituted 
adduct. On the other hand, in a dipole HOMO controlled reaction 
(Type I) where the largest coefficients are at the oxygen atom of 
the dipole HOMO and at the unsubstituted carbon atom of dipolaro­
phile LUMO (except electron-rich ones), the reaction would favor 
the formation of 4-substituted adduct. However, in Type I reactions 
of nitrones, the formation of a mixture of 5 and 4-substituted 
adducts is expected since there is a small difference in the 
magnitudes of terminal HOMO coefficients of this dipole. The 
formation of 4-substituted adduct should increasingly be favored 
as the dipolarophile is made more electron-deficient or as the 1,3- 
dipole is made more electron-rich.
( a ) (b )
Figure 11. Schematic Representation of Greater 
Stabilization of Transition State (a) 
than (b) Due to Different Coefficient.
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The term "periselectivity" refers to the selective formation 
of one of several thermally allowed products in a cycloaddition 
reaction. Regioselectivity and periselectivity are controlled by 
the same interactions, that is the favored regioisomer and peri- 
isomer will be that in which the larger coefficients in each of the 
interacting frontier orbitals are united.
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PART E. Fulvenoid Dipoles
The union of one terminus of a 1,3-dipole with both termini of 
a polyene gives a "fulvenoid dipole". The stabilization or 
destabilization of such a compound with respect to the fragments 
depends on the symmetries and relative energies of the i t  orbitals of 
the isolated moieties. The stabilities and reactivities of various 
fulvenoid dipoles can be predicted by the simple theoretical model 
(or interaction diagram) shown in Figure 12. This model has been 
nicely applied by Epiotis et al.7t> to explain the bond lengths and
stabilities of furan, pyrrole, and thiophene.
The t t  molecular orbitals of heterocyclopentadiene or hetero- 
cycloheptatriene 6 and 7, where X is the 1,3-dipole fragment, could 
be built up in the case of 6 , from the MO's of butadiene and X, and,
in the case of 7, from the MO's of hexatriene and X. The orbitals
are labeled as symmetric (S) or antisymmetric (A) with respect to 
the mirror plane that bisects the five-membered or the seven-membered 
ring. Only the atomic orbital which interacts with the polyene is 
taken into account on 1,3-dipole fragment X. With respect to the 
symmetry element used here these atomic orbitals in the filled and 
vacant orbitals of the dipole are symmetric. The X shown in Figure 
1 2 has no clear donor or acceptor characteristics; methylene group 
is an example of this type of X.
The symmetries of the diene orbital are such that the symmetric 
X orbitals can interact only with the SHOMO (second highest occupied 
molecular orbital) and LUMO of diene system, while these X  orbitals 
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Figure 12. The Interactions of X (heteroatom, CH2 , or a 
polyatomic group, e.g. 1,3-dipole) with a 
Diene or a Triene System.
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SLUMO (second lowest unoccupied MO), of the hexatriene system. Inter­
action of two filled orbitals is destabilizing, because of 4-electron 
closed-shell repulsion; thus, when a good donor (high-lying HOMO), X, 
is united with the triene, its HOMO will mix and destabilize the 
symmetric HOMO of hexatriene, leading to a lower IP for the composite 
molecule, and therefore greater reactivity toward electrophiles. This 
effect should be absent with butadiene, because the orbitals of 
different symmetry do not interact. However, the HOMO of X can be 
destabilized by mixing with the diene SHOMO, but this destabilization 
should be much less than the destabilization of two HOMO interactions 
in the case of the triene system.
The high-lying donor orbital of S symmetry, on the other hand, 
can mix with the LUMO of a diene system, leading to stabilization 
since the interaction between filled orbitals of one fragment and 
vacant of the other lowers the energy of the filled orbital. The 
composite molecule in this case will not be very nucleophilic. No 
such HOMO-LUMO interaction should be present in the case of union 
of such donor with the hexatriene and therefore no stabilization will 
result. The stabilization gained from the interaction of X HOMO with 
the triene SLUMO would be negligible, because the energy difference 
between the two orbitals is large. For stabilization of a triene, 
a low-lying vacant orbital on X is required. This will mix with 
the triene HOMO to produce stabilization and decrease the reactivity 
(nucleophilicity) of the composite molecule. However, the union of 
such a good acceptor X with a diene would lead neither to 
stabilization nor to destabilization, but the interaction of the 
vacant orbital of X with the LUMO of the diene will lower the latter,
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enhancing the reactivity of the molecule toward nucleophiles as well 
as narrowing the HQMO-LUMO energy gap of the composite molecule and 
hence increasing the reactivity toward another molecule of the same 
species. That is, the tendency for dimerization should increase. 
Therefore, according to this model, the better the electron-donating 
ability of X, the stronger the HOMO-LUMO interaction with the diene, 
and the more stable (less reactive) the fulvenoid dipole. In the 
same view, the better the electron-accepting ability of X, the more 
the interaction between HOMO of hexatriene with the LUMO of X, and 
hence the more stable the heptafulvenoid dipole.
Figure 13 shows the frontier M O ’s of butadiene and hexatriene, 
and those of the relevant 1,3-dipolar systems which can be incorpo­
rated into the ring systems. The "orbital energies" shown are the 
negatives of ionization potentials (occupied orbitals) and calculated 
or estimated electron affinities (unoccupied orbitals). There are 
two factors which have to be considered in uniting the 1,3-dipoles 
with polyenes: 1. The diagram underestimates the electron donor
ability of the polyenes, since replacement of the methylene hydrogen 
with the ring carbons should inductively raise the 1,3-dipole 
energies. Similarly, the polyene MO energies should be inductively 
lowered by substitution of the 1,3-dipole unit for two hydrogens, 
since the 1,3-dipole units generally consist of one or more electro­
negative atoms. Thus, relative to the polyene fragments, all of the 
"X" fragments listed in Figure 13 should be more powerful donors, 
and somewhat less efficient acceptors than is reflected by the 
orbital energies. 2. The ability of a 1,3-dipolar group to serve
♦ 2
C H 2 . f c £ CHg-N-CH CH2 «6^5
C H g H g X«0 X«NH X-CH, X-0 X-NH X«CH.




















Figure 13. Frontier MO's of Butadiene,™ Hexatriene,™ 1,3-Dipolar Systems, 12 
Ammonia6 7 and Formaldehyde.6 7 ’75
Ln4S
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as an electron donor or acceptor depends on the extent of localization 
of the HOMO or LUMO at the methylene group (the coefficients of 
methylene carbon in these orbitals), which serves as the ring carbon 
in the composite molecule, and interacts with the polyene system.
The orbital energies in Figure 13 indicate that all of the 1,3- 
dipoles are better donors than the amino substituent. However, the 
amino lone pair is localized on nitrogen (large coefficient), while
1,3-dipole HOMO’s are delocalized, decreasing the coefficient on the 
methylene carbon. Pyrrole is a stable, aromatic compound whose 
stability probably mainly comes from the strong interaction of the 
amino group with the LUMO of the diene, while azepine is a moderately 
reactive electron-rich polyolefin, indicating interaction of the amino 
lone pair with the HOMO of the triene. Azepine is puckered like cyclo- 
heptatriene, which is an indication that the amino group interaction 
with the triene is unfavorable.
Cyclopentadienone dimerizes at a diffusion-controlled rate 
because of the small HOMO-LUMO gap (strong k*M)buta(j£erie“
LUMOfnrma1 interaction) of the molecule, while tropone is a 
reasonably thermally stable compound due to the strong stabilizing 
HOMO-LUMO interaction of its composite fragments (formaldehyde and 
hexatriene).
Diazocyclopentadiene is one of the most stable diazoalkanes 
since it has a low-lying HOMO (no H°M°butadelne-HOMOdlazomethane 
interaction because of different symmetry) and high-lying LUMO (small
LUMDbntadiene-lUMOdiaZon,ethane interaction to the relatively 
large energy separation of these orbitals), and a stabilizing diazo- 
methane HOMO-diene LUMO interaction. Diazocycloheptatriene has
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not been isolated. The instability of this molecule most probably
comes from the strong four-electron HOMO,  ̂ . -HOMO,,hexatriene diazo
closed-shell repulsion. All this is because diazomethane is a good 
donor (IP = 9.0eV) 71 and poor acceptor (EA * -1.8eV) . 71
Azomethine ylide is quite a poor acceptor but a very good donor 
so that strong HOMO (azomethine ylide)-LUMO (butadiene) would be 
possible leading to stabilization due to considerable charge transfer 
from the dipole moiety into the cyclopentadiene ring. Therefore the 
composite molecule would be expected to have some aromatic character 
and be very stable and unreactive. This is indeed the case; the 
fulvenoid azomethine ylides 1 2 0  and 1 2 2 obtained from rearrangement 
of methyl propiolate adduct of the fulvenoid nitrones 48 and 5 7 are 
very stable and they do not undergo any cycloaddition with dipolaro- 
philes (Section IIF).
Carbonyl oxide has the lowest-lying LUMO and HOMO orbitals of 
all 1,3-dipoles. Mixing of carbonyl oxide LUMO with symmetric LUMO 
of diene will give a low-lying LUMO orbital for the composite 
molecule and thus a kinetically unstable compound (perhaps the most 
reactive of all fulveniod dipole). The cyclopentadienone 0-oxide 
has been synthesized, 77 but it is only stable at 4°K.
According to the energy diagram (Figure 13), the parent nitrone 
(H2 C = fe-0) is a better acceptor (EA = 0.5eV) 71 than a carbonyl 
group, but is also a moderately good donor (IP = 9.7eV)71. Thus, 
the nitrone would be expected to stabilize the HOMO of a triene, 
and to mix with, and lower the energy of the LUMO of diene. The 
composite N-cycloheptatrienylidenemethylamine oxide is therefore
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expected to be a relatively stable system resembling tropone, while 
N-cyclopentadienylidenemethylamine oxide a reactive system, more or 
less resembling cyclopentadienone.
II. RESULTS AND DISCUSSION
PART A. Syntheses of the Novel Nitrones
Whereas the condensation of N-alkylhydroxylamine with aldehydes 
is quite general and proceeds smoothly, in the case of ketones these 
reactions fail or are limited to certain special cases. For example, 
N-methylhydroxylamine hydrochloride (36) reacts readily at room 
temperature in basic condition with cyclopropyl carboxaldehyde (from 
oxidation of cyclopropyl carbinol with pyridinium chlorochromate) 
to give C-cyclopropyl-N-methylnitrone (37) quantitatively,0* but 36 did 
not react at all under the same conditions with dicyclopropylketone 
at any temperature, to yield the desired C,C-dicyclopropyl-N-methyl- 
nitrone (39), equation A. Step I of Scheme B (page 6 6 ) is an example
+ Me-NHOH.HCI ■ 2N Nq0H
H 36 H 637
0  + 36 -7^- (4)
of the direct synthesis of a nitrone from condensation of 36 with 
ketones. The most successful preparative procedure in the case of 
ketones seems to be the alkylation of ketoximes which is suitable
*The circle indicates that a complete experimental detail is 
given in Section IIIC.
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in particular for the syntheses of N-methyl derivatives. Indeed
condensation of dicyclopropylketone with hydroxylamine) and 
tropone oxime with methyl iodide in absolute ethanol was apparently 
the most facile way of preparing novel C,C-dicyclopropyl-N-methyl-
after many attempted reactions for synthesis of these compounds failed. 
A definite drawback of this procedure is the necessity of separating
the required N-alkylketoximes from the simultaneously formed 0- 
alkylketoximes. For example, 60% and 50% yields of the corre­
sponding O-methyloximes 38 and 40 were formed (with respect to the 
yield of nitrones 39 and 41) in the reactions of dicyclopropyl­
ketone oxime and tropone oxime with methyl iodide. The ratio of 
oxime ether to nitrone depends on the nature of the starting oxime, 
the alkyl halide, and the base and solvent used. Smith and Robertson28 
have studied the factors involved in alkylation of various substituted
methylation of the sodium salt of dicyclopropylketoxime0 (from
nitrone,0 39, and N-cycloheptatrienylidenemethylamine oxide78, 41,
DEtON|q -E » O H r








benzophenone oximes in absolute ethanol. Methyl bromide gave 11-47% 
nitrone and benzyl bromide gave only 4-23%. The effect of the cations
oxime ether to nitrone products. Electron-withdrawing groups, R, in 
(RCsHit) 2 CN0 Na increased the percentage of 0 -alkyl oxime formed in 
alkylation with benzyl bromide in absolute ethanol. For example,
R = P-CH3O, the 0/N alkylation ratio was 2.6 whereas for R = P-NO2 , 
this ratio was 21. Very little effect was noted when the substituents 
R" were CH3O, CH3 , H, Cl, CN, and NO2 in p-ET'-CgHi+CH^Br. The nature 
of the solvent on the site of alkylation in a homogeneous system had 
a small influence on the site of alkylation, under heterogeneous 
conditions in acetone, overwhelming O-alkylation was observed. 
Buehler^ has shown that Z-benzaldoxime is readily N-alkylated by 
various alkyl halides, equation 5, but E-benzaldoxime is largely 
0 -alkylated, equation 6 .
None of the nitrones studied in this work were known before in 
the literature. Several attempts to prepare N-cyclopentadienylidene- 
methylamine oxide, 1 0 , by the known literature procedures for nitrone 
syntheses were frustrating, apparently because of the thermal
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Instability of this nitrone. Even though treatment of a 9-diazo- 
fluorene, 80 9-dimethylsulfoniumfluorenylide,80 and 9-(l-pyridinium)- 
fluorenylide81 with nitrosobenzene in dry ether at room temperature 
gives high yields of stable N-phenylfluorenone ketoxime 42, attempted
Ph
42
reactions of diazocyclopentadiene, dimethylsulfoniumcyclopenta- 
dienylide,8 2 and pyridinium cyclopentadienylide83 with 2-methyl-2- 
nitrosopropane81t(t-nitrosobutane) , nitrosobenzene,8 5 and p-nitroso- 
dimethylaniline86 only gave rise to recovery of the starting 
materials at room or temperatures as high as 70°C. Fluorene and 
similar compounds also yield nitrones readily when treated with an
q yexcess of aromatic nitroso compounds in the presence of a base.
equation 7. It is known that the excess of nitroso compound acts as 
the oxidizing agent. Taking the reaction 7 as a model, cyclopenta- 
dienylsodium8® was treated with an excess (2 : 1  molar ratio) of t-nitro' 
sobutane and nitrosobenzene. Exothermic reactions took place and 
the reaction mixtures immediately turned brown, but none of the
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desired nitrone could be isolated from these mixtures. Reaction of 
dibromocyclopentene83 with t-nitrosobutane, nitrosobenzene, and 
p-nitrosodimethylaniline as well as attempted dehydrobromination of 
hydrochloric acid salt of N-2,5-dibromocyclopentaneylidenemethyl- 
amine oxide* (N-2,5-dibromomethylcyclopentanone oxime) and methylation 
of sodium salt of cyclopentadienone oxime0 yielded polymeric products. 
Figure 14 summarizes the unsuccessful attempts at the synthesis of 10.
The failure of these attempted reactions encouraged the synthesis 
of highly substituted analog, N-2,5-dimethyl-3,4-diphenylcyclopenta- 
dienylidenemethylamine oxide, £8 , with the expectation of decreasing 
the reactivity of 10 by the ring substituents. For example, whereas 
cyclopentadienone instantly and irreversibly dimerizes in fluid 
solution, 2,5-dimethyl-3,4-diphenylcyclopentadienone8 9 forms a 
Diels-Alder dimer which is partially dissociated in solution at room 
temperature. The relative rates of the Diels-Alder dimerizations of
2 ,4-di-t-butylcyclopentadienone, 3-t-butylcyclopentadienone, and 
cyclopentadienone are 1, 5 x 108, and 5 * 1011* respectively.91 The 
relative rates of these dimerizations appear to be controlled mainly 
by nonbonded steric effects.91 Nitrone 48 was synthesized by the 
route outlined in Scheme A. Reaction yields are enclosed in paren­
theses . References and experimental details for steps I-IV are 
given in section IIIC. The known 2,5-dimethyl-3,4-diphenyl-cyclo- 
pent-2-ene-4-ol-l-one was prepared from the condensation of benzil
*Prepared from the reaction of N-methylhydroxylamine hydro­
chloride with 2,5-dibromocyclopentanone ethyl ketal90 in ethanol.
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Figure 14. The Attempted Reactions at the Synthesis
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with 3-pentanone. A 70:30 mixture of 43, and 44 were formed when the 
condition of Allan and Van Allan's procedure1 2 3 was applied, however, 
under stronger basic conditions the thermodynamically more stable 
isomer (less crowded) 43 was the only product of the reaction. The
2,5-dimethyl-3,4-diphenyl-cyclopent-2-ene-4-ol-l-one oxime (45) was 
prepared from the reaction of hydroxylamine with 43. The oxime 45 
was dehydrated to 2 ,5-dimethyl-3,4-diphenylcyclopentadienone oxime,
46, the sodium salt of which was methylated with methyl iodide to 
give a 40:60 mixture of the nitrone 48 and 0-2,5-dimethyl-3,4- 
diphenyl-methylcyclopentadienone oxime, 47, in 70% overall 
yield. The nmr of 48 had singlets at 62.23 and 2.27 for the ring 
methyls, and 64.20 for the N-methyl in DCCI3 . Satisfactory elemental 
analysis, MS, and infrared absorptions at 1520cm 1 and 1200cm 1 along 
with the N-methyl resonance in the nmr spectrum left no doubt about 
the nitrone nature of this compound. The brownish purple , crystalline 
nitrone 48 was a very stable monomeric compound with an indefinite 
shelf life time. The singlets of the ring methyls in the nmr 
spectrum (CgDg) of 48 at 61.75 and 2.56 did not collapse into one 
singlet at temperatures as high as 90°C (sealed nmr tube), indicating 
a C=N rotational barrier of more than 18 kcal/mol for this 
fulvenoid nitrone. Recent experimental studies of E-Z isomerization 
for substituted nitrones have indicated barriers to CN rotation of 
32-35 kcal/mol,7 8 e.g. (E)-C-phenyl-N-t-butyl nitrone isomerizes to 
the Z isomer in 24 h at room temperature.
It was desired to eliminate some of the ring substituents in 
48 in order to obtain more information about the inherent stability
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and reactivity of 10. N-3,4-diphenyl-3-ol-cyclopentenylidenemethyl- 
amine oxide*, 50, was prepared by facile direct condensation of 49 
(prepared from the condensation of benzil with acetone0) and N- 
methylhydroxylamine0 in an attempt to prepare N-3,4-diphenyl-cyclo- 
pentadienylidenemethylamine oxide, 51, by dehydration of 50. None 
of the desiied nitrone 51 could be isolated from the attempted 
dehydration of 50 in acidic condition; instead, the dimer of 3,4- 
diphenylcyclopentadienone was formed. Probably the rate of 
hydrolysis of the hitronic function in 50 is faster than the rate 






Considering the reactivity of t-butyl substituted cyclopenta- 
dienones, an attempt was made to synthesize N-2.4-di-t-butylcyclopenta- 
dienylidenemethylamine oxide0 , 52, by the route outlined in Scheme C, 
with the hope that the t-butyl groups would (a) sterically retard 
the dimerization or polymerization process and (b) minimally perturb 
the cyclopentadiene fragment from that of the parent system (probably
MeNHOHHCI OH Ph
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the cyclopentadiene moiety of nitrone 48 is perturbed by phenyl 
substituents). The intermediate 2,4-di-t-butylcyclopentadienone 
oxime was not separated from the reaction mixture, instead it was 
directly converted to the corresponding sodium salt of the oxime, 53, 
(the molar concentration of EtONa was twice that of 1,3-di-t-butyl- 
cyclopentadiene) which was then methylated in situ by methyl iodide. 
Only oxygen of 53 was alkylated in this process to give exclusively 
the 0 -methyl oxime 54, probably due to sole existence of the thermo-
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dynamically more stable anti configuration of 53 (N-OMe with respect 
to 2-t-butyl substituent of the ring) and steric blocking of the 
lone pair of nitrogen by the neighboring t-butyl. However, the same 
approach initially attempted for synthesis of 52 gave a 80:20 mixture 
of N-3-t-butylcyclopentadienylidenemethylamine oxide° (red oil), 57, 
and 0-3-t-butylcyclopentadienemethyl oxime (yellow oil), 56, when 
starting with 3-t-butylcyclopentadiene. The reactions are outlined 






























reaction should not be allowed to continue for more than 10-15 
minutes otherwise the nitrone 57 is destroyed probably via methylation 
of its oxygen. Large scale reactions (>2g. of 3-t-butylcyclopenta-
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diene) did not give satisfactory results; only 4% of nitrone 57 was 
obtained in one attempt. The observation of 80:20 mixture of the 
nitrone 57 and the 0 -methyl oxime 56 in methylation of the oxime 
salt 55 was not in accord with the investigations of Smith and 
Robertson28 where the electron-withdrawing groups, R, in the 
alkylation of (RCgHq^CNONa with benzyl bromide in absolute ethanol 
strongly favored 0-alkylation over N-alkylation. Probably the ring 
methyls of the oxime 46 had some steric hindrance for N-methylation 
where a 40:60 mixture of nitrone 48 and the 0 -methyl oxime 47 was 
obatined (Scheme A) . The novel fulvenoid nitrone 57 as well as the 
0-methyl oxime 56 were monomeric (no equilibrium existed between 57 
and 56) and the nmr data indicated that both were mixtures of E and 
Z isomers. The geometric isomers could not be separated from each 
other but their ratio was determined by nmr spectroscopy to be 60:40 
(Z:E) for the nitrone and 54:46 for the 0-methyl oxime. The nitrone 
gave satisfactory elemental analysis and had infrared absorptions at 
1567cm_1 (6.38y) and 1200cm 1 (8.33y) characteristic for nitrone 
functionality.*
Both isomers of 57 have characteristic nitrone N-methyl singlet 
absorption at 63.98 (DCCI3) . The ring protons of the Z and E isomers 
of 57 have a AMX and ABX spin-spin coupling pattern in their nmr
*The nitrones show a usually strong infrared absorption peak 
between 1170 and 1280cm 1 attributed to N-0 stretching frequency.88 
The C-N stretching2 8 is assigned between 1030 and 1200cm The C=N 
stretching absorption88 in all nitrones is close to 1600cm * (1540- 
1620cm_1). The latter absorption is ascribed by some to be the 
nitrone group stretching mode. Solvents capable of hydrogen bonding 
could shift the N-+-0 and C-»-N absorptions to markedly lower and 
higher frequencies. 80
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spectra. In the Z isomer the sharp dd at 66.23 is assigned to H-,
which lies in the shielding zone of the t-butyl substituent at C3
and is coupled with vicinal (JfiC = 5.5Hz) as well as ( J ^  *
2.0Hz). Due to the double bond, t-butyl shields H. more than H_
A o
(t-butyl is closer to H. than to H^), but the shielding of the latter
A o
is counterbalanced by the deshielding of the neighboring nitrone 
oxygen; at the same time is coupled with Hg and similarly with 
a coupling constant of 2.0Hz; the result is a dd (looks like a 
triplet) absorption centered at 66.30. H^ is not in the shielding 
zone of the t-butyl and appears as dd at 66.45. In the E isomer H^ 
is nicely shielded by t-butyl while H^ is deshielded by the oxygen 
of nitronic function; the chemical shift of H. is at 65.83 (dd, JAB
2.0Hz, = 2.0Hz) and that of Hr at 66.63 (dd, JRr = 5.6Hz, JBC AC
2.0Hz) Hg appears in between at 66.55 (dd, JRf, = 5.6Hz, JAR - 2.0Hz)BC AB
The nmr (DCCI3) data is summarized below.




6 (Hg) 6.23, dd, JBC=5 '5Hz; JAB=2-0Hz
6 (Ha) 6.30, dd, J AT1=2.0Hz; AB JAC=2-0Hz




6 (Ha) 5.83, dd, JAg=2.0Hz, J =2.0Hz AC
«(Hg) 6.55, dd, Jb C=5.5Hz , J A =2.0Hz AB
6 (HC) 6.63, dd, JgQ—5 .5Hz, Ja c =2.0Hz
E
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The same type of reasoning can be used for the nmr assignments 
of the Z and E isomers of the oxime 56. Oxygen of the oximes 56a 
and 56b has a very slight deshielding effect compared to the oxygen 




6 (Ha) 6.00, dd, JAB=2.0Hzi JA(,=2.0Hz
6 (Hg) 6.20, dd, Jbc=5.9Hz, 1 ^ = 2 . 0Hz
6 (HC) 6.60, dd, JBC=5.9Hz, Jac=2.0Hz
H
(64.00, s)
^ O M « 6 (ra ) 5.78, dd, Jab-2 .GHZ, Ja c =2.0Hz
6 (Hb) 6.36, dd, Jb C=5.9H z , ja b “2,0Hz
6 (HC) 6 .6 6 , dd, Jb c =5.9Hz , JAC=2-0Hz
(61.18, s)
Unlike the 0-methyl oxime 56 which dimerized within a few days 
at room temperature in CDCI3 , the nitrone 57 could be kept for much 
longer time ( > 2 weeks) without a significant change in its structure, 
but it slowly polymerized in a sealed nmr tube in DCCI3 when heated 
at 70°C (the fully substituted analog, 48, was stable at this 
temperature).
Despite the considerable stability of N-cycloheptatrienylidene- 
methylamine oxide, 41, all the attempts at the synthesis of the
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three-membered analog, N-2,3-diphenylcyclopropenylidenemethylamine
oxide, 63, were frustrating presumably due to the very substantial
angle strain which overcomes the stability gained from the union of
+  —
the nitrone (H2C = NH - 0) carbon to 1,2-diphenylethylene. Two 
products, N-methyl-3,4-diphenylisoxazolone, 59 [satisfactory 
elemental analysis; Ms:M+ at 251, nmr (DCC13):N-Me:s, 63.17; Ar-H: 
m, 7.04-7.66] and the nitrone 60 [satisfactory elemental analysis; 
Ms:M+  at 225; ir (HCCI3) : 1200cm" 1 and -1600cm"1 ; nmr (DCC13) : 
N-Me:s, 6 3.65; -CH2-: s, 4.23; Ar-H: m, 7.00-7.53] were obtained
from the reaction of 2,3-diphenylcyclopropenone (58) with N-methyl- 
hydroxylamine hydrochloride (36) in basic condition but none of the 
desired nitrone 63. The ketone 58 reacted with hydroxylamine hydro­
chloride in methanol to give the stable hydrochloride salt of 2,3- 
diphenylcyclopropenone oxime92, 61 (satisfactory elemental analysis, 
hydrolysis to 58). Presumably the stability of this salt comes 
mostly from the significant contribution of cyclopropenium type of 
resonance form (61b) to the ground state of the molecule. Attempted 
methylation of this salt with methyl iodide in EtONa-EtOH solution 
gave the ester 62 [Ms:M+ at 252; nmr (DDCI3 ) : -CH2-CH3 : t(J = 
7.0Hz), 61.21; -CH2-CH3: q(J = 7.0Hz), 4.22; =CH: s, 5.62; Ar-H:
m, 7.04-7.63] but in chloroform using N,N-diisopropylethylamine as 
neutralizing base a yellow solid was formed. The latter compound 
was not characterized. Apparently the free oxime 64 is not 
sufficiently stable to be isolated in pure form! Attempts to 
neturalize the salt with 1 0 % aqueous sodium bicarbonate solution 
in a two-phase reaction (aqueous-CH2Cl2 ) and diisopropylethylamine
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in chloroform failed to give the free oxime, instead a yellow compound 
(the same yellow solid obtained in attempted methylation of 61) was 
formed. Almost no reaction took place when 58 was treated with 36 
in methanol. None of the nitrone 63 could be isolated from the 
reaction of the imine 6532’* and diphenylcyclopropenoneazine33*** 
with N-methylhydroxylamine-O-sulfonic acid34 (6 6 ). However, when 
58 was treated with 6 6 in methanol, within a few minutes a white 
solid was formed in almost quantitative yield, mp = 230°C. Structure 
67 was assigned to this compound after analysis. Compound 67 gave 
satisfactory elemental analysis but the parent mass (M+ = 315), 
just like the compound 58, could not be obtained by mass spectrometry; 
the peak at m/e 178 was the base peak which represents the mass of 
the radical cation of diphenylacetylene. The base peak in the case 
of the ketone 58 is also at m/e 178. Compound 67 was very insoluble 
in common organic solvents, e.g. chloroform, acetone; its nmr spectrum 
(DMSO-dg) had two absorptions: N-Me: s, ~S3.72; Ar-H: m, 7.00-7.50.
The N-Me chemical shift of this compound is very similar to those of 
the nitrones, indicating the similarity of charges at nitrogen in 
both species and therefore the nature of the molecule 67. The 
compound was very stable, it could be hydrolyzed to 58 in acidic 
solutions but did not lose SO3 upon heating at moderate temperatures 
to give the nitrone 63. Finally, treatment of 1,2-diphenyl-3-ethoxy-
*Prepared from the condensation of 58 with aniline hydrochloride 
with subsequent neutralization of the salt with 1 0 % NaHC0 3 .
**Prepared from the reaction of 58 and hydrazinedihydrochloride 
and subsequent neutralization of the dihydrochloride salt of diphenyl-
cyclopropenoneazine with 1 0 % NaHC0 3 .
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cyclopropenyl fluoroborate9 5 (prepared from the reaction of 58 with 
triethyloxonium fluoroborate in CH2 CI2 ) with 36 did not give any of 
nitrone 63, however, the cyclopropenyl fluoroborate reacted readily 
with 6 6 to give quantitative yield of 67. The attempted reactions 
at the syntheses of N-2,3-diphenylcyclopropenylidenemethylamine oxide 
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PART B. Stabilities and Geometries of N-Cyclopentadienylidenemethyl- 
amine Oxide and N-Cycloheptatrienylidenemethylamine Oxide
N-Cycloheptatrienylidenemethylamine oxide7 8 (41) was readily 
synthesized by methylation of tropone oxime in MeONa-MeOH solution 
as a coffee-brown oil. The chemical shifts of the ring protons in 41 
resemble those of the planar tropone molecule, and are distinctly 
different from those of the puckered cycloheptatriene molecule. Thus, 
as expected, the seven-membered nitrone 41 is planar and is 
substantially stable: it is indefinitely stable in solution, although
slowly decomposes in the pure state and in concentrated solution at 80°
(t ~ 1 week) .1/2
By contrast to the seven-membered nitrone, the five-membered, N- 
cyclopentadienylidenemethylamine oxide (1 0 ), resisted attempts at 
synthesis. The apparent instability of compound 10 (at least at 
moderately low temperatures) is in accord with the theoretical 
arguments given in Section IE. However, the syntheses of the 
substituted analogs of 10, N-2,5-dimethyl-3,4-diphenylcyclopenta- 
dienylidenemethylamine oxide (48) , and N-3-t-butylcyclopentadienylidene- 
methylamine oxide (57), were successfully accomplished by the routes 
outlined in Scheme A and D, respectively. Compound 48 is indefinitely 
stable in the pure state, even at temperatures as high as 75° in DCCI3 
(sealed nmr tube), while compound 57 slowly polymerizes in this 
condition (t^ 2 ~ 5 days) , but is almost indefinitely stable in 
solution, especially when kept in a refrigerator at approximately 
-10°C. The stability of these substituted analogs and their low 
reactivity toward dimerization or polymerization is undoubtedly due
77
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to bulky substituents which sterically hinder the approach of two
molecules for self reaction. The qualitative comparison of stabilities
of 48 and 3-t-butylcyclopentadienone given above leaves no doubt about
the much more reactive nature of the latter.
+ ~
The HOMO of the nitrone (H2C - NH - 0) is much higher-lying than 
the HOMO of formaldehyde (Figure 13), so that a slight mixing of the 
nitrone HOMO with the diene LUMO is possible leading to some 
stabilization. This type of stabilizing HOMO (formaldehyde) - LUMO 
(diene) interaction should be negligible in case of the cyclopenta­
dienone, since the energy difference of these orbitals is very large. 
Therefore, the union of nitrone with the diene system should result in 
a much more stable compound in comparison with the union of formalde­
hyde with the same diene, e.g. l,4-dimethyl-2,3-diphenylbutadiene and 
2-t~butylbutadiene. ST0-3G calculations were carried out on two models 
for the ring geometries96: aromatic bond lengths and alternating
bond lengths. These two geometrical models for each of the fulvenoid 
dipoles represent extremes between bond length alternation, expected 
if there is little interaction between the ring ir system and the 
nitrone, or aromatic character, if the stabilizing interactions are 
very strong.
According to these calculations (Figure 16) on the partially 
optimized structures, 10 and 41, the nitrone CN bond length is 
longer than that in the parent, 6 8 . The nitrone NO bond length 
shortens in 10 and lengthens in 41. This is compatible with some charge 
transfer from the nitrone moiety to the cyclopentadiene ring in 1 0 , 
and from the seven-membered ring to the nitrone moiety in 41. These
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bond length effects are exaggerated in the models calculated with 
aromatic ring bond lengths. The nitrone LUMO is antibonding across 
both the CN and NO bonds so that charge-transfer into this orbital 
lengthens both bonds. The nitrone HOMO is slightly CN bonding, so 
that charge transfer from this orbital should also cause some CN bond 
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Figure 16. ST0-3G Energy and Geometrical Differences 
Between "Aromatic Bond Length" and





ST0-3G calculations also predicted that for both the five (10) 
and seven-membered (41) nitrones, the structure with bond length 
alternation in the ring is more stable than the structure with aromatic 
bond lengths. Figure 16 summarizes the calculated energy and 
geometrical differences between "aromatic bond length" and the "bond 
length alternation" structures of these species. The stabilization 
energy arising from interaction of the ir system of the nitrone with 
that of the odd-membered ring was calculated from the isodesmic 
reactions shown below, using the ST0-3G energies for each species.
According to these measures, the union of a nitrone moiety with 
the diene results in a 23 kcal/mol stabilization, while the union of 
the nitrone with a planar triene results in 28 kcal/mol stabilization. 
In other words, the nitrone functionality united with a triene is
28 3 K col/mol
23.4 Kcal/mol
/ M e _ 5 o  k  cal/mol
81
5 kcal/mol more stabilized than one united with a diene, although 
both are stabilized. This is in accord with the theoretical expec­
tations based on these systems.(Section IE), although the difference 
in interaction energy is very small. As discussed earlier in Section 
IE, the relatively low-lying LUMO of the nitrone moiety can mix 
strongly with the symmetric HOMO of the triene, but not with the 
antisymmetric HOMO of the diene. Thus, charge-transfer stabilization 
occurs for the seven membered system upon this interaction, but not 
for the five. However, as described above, ST0-3G calculations 
supported by experiment, e.g. stability of 57 versus 3-t-butylcyclo- 
pentadienone, indicates that there is some charge-transfer from the 
nitrone moiety into the diene system via HOMO (nitrone) - LUMO (diene) 
interaction, but this stabilizing interaction is not as strong as the 
triene case where the HOMO (triene) - LUMO (nitrone) energy gap is 
much narrower than the HOMO (nitrone) - LUMO (diene) energy gap 
(Figure 13).
Experimentally, the bond alternation in 57 can be tested from 
the graph shown in Figure 17.
In order to evaluate the importance of dipolar contribution such 
as 69b and 70b to the ground state resonance hybrid of fulvenes (69) 
and 6 -aminofulvenes (70) , Ammon and Wheeler^ 7 plotted the C-C bond 
distance, obtained from X-ray crystal structure data, versus nmr 
vicinal coupling constant for a number of compounds of this type. As 
shown in Figure 17, there is a linear correlation between the numbered 
bond lengths and vicinal coupling constants; therefore, a rapid and 
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Figure 17. Carbon-Carbon Distance d(da and d^) Versus Vicinal Coupling Constant 
J(J& and J^) for Compounds I-VI.
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degree of aromaticity for a fulvenoid compound, e.g. compound 5 7 , can 
be measured from this graph, simply by determining the vicinal coupling 
constants of the fulvenoid compound from the nmr spectra. It is 
obvious that the shorter the bond, the higher the bond order and, 
therefore, the larger is the vicinal coupling constant. Among the 
fulvenes shown in Figure 17, only compound VI does not have any 
bond alternation. Although, because of t-butyl substituent at C3 of 
the nitrone 57, no vicinal C 3H-C4H coupling constant was available, 
the vicinal C4H-C5H coupling constant of 5.5Hz indicated a C4-C5 bond 
length of ~1.34& which is actually the same as the assumed C=C bond 
length of the parent species in "bond alternation" structure (Figure 
16). Thus, there is a strong single-double bond alternation in the 
five-membered ring of the nitrone 57 resembling 6 ,6-dimethylfulvene.
The bond alternation, along with identical chemical shifts of the 
ring protons in 57 and 3-t-butylcyclopentadiene is a gross indication 
of the lack of aromatic character of N-3-t-butylcyclopentadienylidene- 
methylamine oxide.
PART C. Frontier Molecular Orbitals and the ir-Charges of the Parent 
Nitrone, N-Cyclopentadienylidenemethylamine Oxide, and 
N-Cycloheptatrienylidenemethylamine Oxide
The frontier molecular orbitals (by ST0-3G) of the parent nitrone, 
6 8 , the five-membered ring nitrone 1 0 , and the seven-membered nitrone 
41 are shown in Figure 18. Since the HOMO of the diene is antisym­
metric (Figures 12 and 13), it does not interact with the nitrone 
HOMO (Section IE), so that 6 8 and 10 have essentially identical HOMO 
energies. The photoelectron spectrum of N-3-t-butylcyclopenta- 
dienylidenemethylamine oxide (57) revealed that this is indeed the 
case. The t-butyl substituent on the parent five-membered nitrone 10 
is not expected to have a drastic effect in altering the orbital 
energies of this compound. Figure 19 shows the correlation between 
the vertical IPs of 57 and those of 2-t-butylcyclopentadiene and N- 
methylnitrone (71). Because of different symmetries the HOMO of the 
methylene group in 2-t-butylcyclopentadiene is not expected to mix 
with the HOMO of 2-t-butylbutadiene, thus, the HOMO of the composite 
molecule 57 would almost be identical with the HOMO of 2-t-butyl­
butadiene. The IP of 3-t-butylcyclopentadiene is raised slightly in 
the molecule 57, probably due to the substitution of more electro­
negative nitrone unit (because of two electronegative atoms: 0 and N)
for methylene of the ring, and that of tt̂ Nq is lowered due to replace­
ment of methylene hydrogens of nitrone unit with the ring carbons 
which are inductively more electron donating than hydrogens. The n 
(oxygen in-plane) orbital of the N-methylnitrone is not altered at 



























Figure 18. The Frontier Molecular Orbitals (by ST0-3G) of
the Parent Nitrone, N-Cyclopentadienylidenemethyl- 
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Figure 19. Correlation Between the Ionization Potentials 
of 3-t-Butylcyclopentadiene, N-methylnitrone, 
and N-3-t-Butylcyclopentadienylidenemethylamine 
Oxide.
calculations revealed that the HOMO of the triene interacts strongly 
with the HOMO of the nitrone, so that 41 has a relatively high energy 
HOMO (Figure 18). Indeed the photoelectron spectrum of 41 showed 
substantial interactions between the nitrone and triene moieties; 
the HOMO of 41 is at much higher energy than other nitrones. For 
example, the first IP of C-phenyl-N-methylnitrone is 8.01, 0.7eV 
higher than that of 41. As expected, the triene SHOMO is essentially 
unaltered. The correlations between the vertical IPs of 41 and thoseHr «v
of hexatriene and N-methylnitrone is shown in Figure 20.
The LUMO of 6 8 (by ST0-3G) is strongly lowered in energy by 
mixing with the diene LUMO, while the LUMO of 6 8  is lowered much less, 
by interaction with the higher-lying SLUMO (Figure 12) of the triene. 
The LUMO of the seven-membered compound is actually the hexatriene 
LUMO. Using merely orbital energies, 10 should be more electrophilic
Figure 20. Correlation Between the Ionization Potentials 
of Hexatriene, N-Methylnitrone, and N-Cyclo- 
heptatrienylidenemethylamine Oxide.
than a simple nitrone, but about equal in nucleophilicity with 6 8 , 
while 41 should be more nucleophilic and slightly more electrophilic 
than the simple nitrone 6 8 . The HOMO and LUMO coefficients are quite 
different in IQ and 41 *  Whereas simple nitrones, such as 6 8 , have a 
much larger oxygen coefficient in the HOMO and carbon coefficient in 
the LUMO, so that the oxygen is the nucleophilic terminus of the 
nitrone and the carbon is the electrophilic terminus of the nitrone, 1 0  
has the larger terminal it coefficient at oxygen in both the HOMO and LUMO.
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Table VII shows the it charges for the nitrones 10, 41, and 71. 
The tr charges reinforce the idea that 41 should be more nucleophilic
Table VII. ir Charges of N-Methylamine Oxide (71), N-Cyclopenta-
dienylidenemethylamine Oxide (10), and N-Cyclohepta- 
trienylidenemethylamine Oxide (41).
Nitrone C N 0 Total
71 -0.16 -0.25 -0.60 -1 . 0 1
IQ -0.14 -0.27 -0.43 -0.84
41 - 0 . 1 1 -0.34 -0.59 -1.04
than 1 0 , and that the nucleophilicity of oxygen should be very high 
relative to the carbon terminus of this nitrone. On the other hand, 
appreciable ir charge has been transferred from nitrone moiety into 
the five-membered ring in 1 0 , and as a result, this system should be 
less nucleophilic. Furthermore, the difference in charges between C 
and 0  is smaller, reinforcing the idea that regioselectivity should 
be smaller upon nucleophilic attack of 1 0 on an electron deficient 
alkene.
PART D. Reactivity, Regioselectivity, and Periselectlvity in N-2,5- 
Dimethyl-3,4-diphenylcyclopentadienylidenemethylamine Oxide, N-3-t- 
Butylcyclopentadienylidenemethylamine Oxide, and N-Cycloheptatrien- 
ylidenemethylamine Oxide Cycloadditions
Thermally allowed and sterically feasible reactions of N-cyclo- 
heptatrienylidenemethylamine oxide with alkenes are shown in Figure 
21. Possible reactions of alkenes with N-cyclopentadienylidenemethyl- 
amine oxide are shown in Figure 1. Subscripts "N" and "X" indicate 
reactions at endocyclic or exocyclic i t  systems, respectively.
According to the theoretical considerations for fulvenoid dipoles 
and results of ST0-3G calculations in electrophilic reactions of N- 
cycloheptatrienylidenemethylamine oxide, the nitrone unit should react 
as an isolated electrophilic unit. The most likely reaction of 41 
would then be the [4x + 2] cycloaddition with nucleophilic alkenes, 
but since the LUMO of 41 is essentially the LUMO of the triene, 
the composite molecule 41 is expected to have a relatively low electron 
affinity and therefore a low electrophilic reactivity toward the nucleo­
philic dipolarophiles. In fact, in attempted reactions of 41 with 
electron-rich alkenes, e.g. styrene, dimethylketene acetal, and cyclo- 
pentadiene, either no reaction was observed, or the alkene polymerized. 
On the other hand, N-cyclopentadienylidenemethylamine oxide or its sub­
stituted analogs, e.g. 48 and 57, should have a relatively high electron 
affinity and therefore a high electrophilic reactivity toward the elec­
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Figure 21. The Thermally Allowed Products for the Reaction 




1 0  is delocalized, this compound or any of its derivatives may undergo 
{ 8 + 2 ]  cycloadditions in reactions with nucleophilic alkenes. However, 
no reaction took place upon attempted reactions of 48 and §7, 
with very electron-rich electrophiles, e.g., 1 ,1-dimethoxy- 
ethylene, 1-diethylaminobutadiene, 1 ,1-dipiperidinoethylene, and 
methoxyacetylene. The low reactivity of these nitrones toward the 
electron-rich dipolarophiles is rather surprising for the following 
reason. Unlike the other nitrones the larger terminal coefficient 
in LUMO of 10 is at the oxygen of dipolar moiety and the larger 
coefficient in the HOMO of electron-rich mono or 1,1-disubstituted 
alkenes (Section IIB) is at the unsubstituted carbon; at the same 
time, the LUMO of five-membered nitrones (48 and 57) are lower in 
energy than the usual nitrones, thus, a LUMO-controlled reaction is 
expected with a strong HOMO (electron-rich alkene)-LUMO(five-membered 
ring nitrone) interaction leading to formation of a a-bond between 
the unsubstituted carbon of the alkene and oxygen of the nitrone.
In classical resonance terms, the interaction of the unsubstituted 
end of the electron-rich dipolarophile with the oxygen of the five- 
membered nitrone would be very favorable, since the positive and 
negative charges generated upon this interaction will be strongly 
stabilized by alkoxy and cyclopentadiene substituents as shown in 72. 
However, it is conceivable that for the interaction and orientation 
mentioned above there would be a relatively large repulsion between 
the negative ends of the nitrone and the electron-rich dipolarophile.
In other words, the Coulombic term of the second order perturbation 





to the stabilization energy to an extent that it could prevent the 
formation of the a-bond between the oxygen of 48 and 57 with the 
unsubstituted carbon of the electron-rich dipolarophiles. All 
reactions of nitrones with electron-rich alkenes (enol ether, enamine, 
styrene) are reported to give the 5-substituted adducts without any 
exception in relatively mild conditions. For example, C-phenyl-N- 
methyl nitrone reacts with butyl vinyl ether to give the corresponding 
5-butoxy isoxazolidine in 83% yield;88 there are many more examples of 
nitrone electron-rich alkene reactions in reference 32. Styrene*, 
which indeed is not a very electron-rich alkene; reacts rather readily 
with C-phenyl-N-methyl nitrone (45h at 60°) and triphenylnitrone 
(41h at 100°) to give 6 6 % and 8 6 % yields of the 5-substituted adducts.88 
Based on the frontier molecular orbital theory, the formation of these 
adducts is expected in a LUMO-controlled cycloaddition of nitrones 
with these dipolarophiles. Even though the frontier orbital treatment 
does not favor the transition states of the type 73 and 74, still the
*The HOMO of styrene has only 35% of its electron density on the 
vinyl group, whereas the N 3 HOMO (-10„55eV) has 65% of its electron 
density on the ethylenic moiety; * 88 obviously the low IP of styrene 
is a deceptive indicator of reactivity.
lack of reactivity of 48 and 57 toward electron-rich dipolarophiles 
is a mystery.




PES data indicate that N-cycloheptatrienylidenemethylamine oxide 
(41) should be appreciably more nucleophilic than other nitrones, in 
spite of the stabilization that is conferred upon this nitrone by the 
interaction of the nitrone LUMO with the triene HOMO. The composite 
molecule 41 has a delocalized HOMO. If the dipole and triene HOMO 
energies were similar then the compound 41 could react as a 10ir 
system with electrophilic alkenes via zwitterionic intermediates. In 
this case the isolated triene ir HOMO is more high-lying than the 
isolated nitrone it HOMO, therefore, the HOMO of 41 is expected to 
have more contribution from the triene system. However, ST0-3G 
calculations revealed that the reverse is true and that the 1,3- 
dipole unit has more electron density (larger coefficients) than the 
triene moiety in the HOMO of 41. This is not surprising if one 
considers the arguments in Sections IE and IIC. Thus the involvement 
of the nitrone moiety in concerted nucleophilic cycloadditions of 41 
would be more probable than the triene moiety. The calculations also 
revealed that the dipole moiety of the delocalized HOMO of 41 is 
quite polarized (Figure 18) as opposed to that of simple nitrones where
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the terminal coefficients are almost equal in size. The reaction of 
phenyl vinyl sulfone is the only reported reaction of 41 with a mono­
substituted electron deficient dipolarophile.7 8 Whereas phenyl vinyl 
sulfone reacts with most nitrones to give mixtures of 4- and 5-substi­
tuted adducts where the oxygen has become attached to both a- and 8- 
carbons of the vinyl sulfone, compatible with discussions above, the 
reaction of 41 with this dipolarophile in chloroform at 70° for two 
days gave 45% of the adduct 75 with the nitrone oxygen attached to the 
8-carbon. The compound 75 could not be isolated in a pure state, since 
it rearranges to 76 at a rate comparable with its rate of formation.
Nmr tube reaction studies showed that the compound 75 was formed more 
slowly in polar solvents than in nonpolar, while the rate of its 
rearrangement increased drastically by increasing the solvent polarity,78 
e.g. from C5D 6 to CD3OD. This indicates that 75 is formed by a 
concerted 1,3-dipolar cycloaddition, while 76 is subsequently formed 
by a stepwise 1,7-sigmatropic shift, involving a zwitterionic inter­
mediate. The rate of this reaction has definitely been influenced by
Me Me




the cycloheptatriene moiety, as compared to that of sterically 
unencumbered N-t-butylnitrone.
N-Phenyltriazolinedione (PTAD), an even more electron-deficient
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dipolarophile, reacted at -1 0 ° as a dienophile with the triene unit 
of 41 to give the Diels-Alder adduct 77 in 44% yield.7 8 The low N-0
bond stability, an effect which appears even in early transition states 
through the resonance integral for N-0 interaction, as well as the 
Coulombic repulsion between the partially negative N and 0 atoms as 
opposed to the attraction of the negative 0  and the positive sulfone
3-carbon might have caused the triazolinedione reaction to be 
diverted to Diels-Alder adduct formation. Whatever the reason, PTAD 
is generally unreactive with nitrones.
By contrast to very electron-deficient sulfone, moderately 
electron-deficient 2 ,5-dimethyl-3,4-diphenylcyclopentadienone (78) 
reacted with 41 in benzene at 80° during 40 h to give a major Diels- 
Alder adduct, 79, and a minor [6 + 4] adduct, 80.34 Although the 
Diels-Alder adduct, shown in brackets, was not isolated, it is 
probable that 79 is formed from the Cope rearrangement of the initial 
unobserved [ 4 + 2 ]  adduct, 81, by analogy to the previously studied 




and tropone.7 8 The different periselectivity found in this case as 
compared to the sulfone reaction might have arisen from the propensity 
of the substituted cyclopentadienone 78 to react as a diene rather than 











with cyclopentadienone, the former reacts as a diene and the latter 
as a dienophile (equation 8 ), but when cyclopentadienone is switched 
for the substituted analog, 78, possibly due to steric hindrance of 
the ring phenyls, 78 reacts as a diene rather than a dienophile 
(equation 9).
The absence of formation of the potential [10 + 4] adduct in 
reaction of 41 and 78 must arise from the relatively large mismatch 








According to ST0-3G calculations the HOMO of N-cyclopentadien- 
ylidenemethylamine oxide (1 0 ) is only slightly polarized toward
while the LUMO, unlike any other nitrone, is quite polarized, having 
the largest coefficient at the oxygen (Figure 18). the origin of 
the "only slightly polarized" HOMO and the "reversed" polarization 
of LUMO can be simply stated as the result of the comparable effective 
electronegativity of the cyclopentadienylidene moiety and oxygen.
Also, the LUMO coefficients at the ring carbons are much smaller than 
the coefficients at the atoms of the 1,3-dipolar moiety of 10 as shown 
in Figure 18.
In the transition state of cycloaddition reactions of nitrones, 
both pairs of frontier orbital interactions contribute comparable 
amounts of stabilization energy. As shown in Figure 9 and discussed 
in Section ID3, the coefficient of the central atom, N, is large in 
the LUMO, and very small in the HOMO. For electron-deficient dipolaro-
oxygen (HOMO of the parent nitrone, CH2 = fe - 0, is more polarized),
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philes, the relative magnitudes of coefficients is much larger in the 
LUMO. In the transition state, the dipole C=N bond and the dipolaro­
phile O C  bond are stretched, resulting in lowering of the LUMO energy 
due to a decrease in antibonding, and raising of the HOMO energy due 
to loss of bonding character. However, the increase of the dipole HOMO
energy should be considerably less than the decrease of its LUMO









Figure 22. Schematic Representation of Bond Stretching 
in the Transition State.
these orbitals, while for the same reason the dipolarophile LUMO 
energy decreases at a faster rate than the HOMO energy increases. 
This is illustrated in Figure 22. Thus, in the transition state the 
energy gap between the dipole LUMO and the dipolarophile HOMO is
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narrowed more than the energy gap between the dipole HOMO and dipolaro­
phile LUMO. Therefore, both interactions need to be considered in 
predicting regioselectivity and reactivity. If one of these inter­
actions is reinforced for any reason (e.g. interaction of larger 
coefficients of addends, narrower energy gap between the two interacting 
frontier orbitals), then the regioselectivity arising from this inter­
action will be increased. On the other hand, if one interaction is 
prohibited (e.g. steric effects), regioselectivity arising from this 
interaction will be decreased.
The LUMO energy of the five-membered nitrones (48 and 57) is lower 
than that for the usual nitrones (higher electron affinity); this 
along with the more polarized LUMO (nitrone moiety of this delocalized 
orbital) as cpmpared to HOMO, will lead to a strong dipolarophile HOMO- 
five-membered nitrone LUMO interaction in the transition state for 
the reasons discussed above. Therefore, the periselectivity and the 
regioselectivity in cycloaddition reactions of and 5Z with electro­
philic alkenes will be governed perdominantly by the LUMO of the 
composite nitrones. Since the largest terminal coefficient in 1,3- 
dipole moiety of the LUMO in the nitrones 48 and 57 is at the oxygen 
and the coefficients at the ring carbons are smaller than those of 
the nitrone moiety, the formation of spiro-type 4-substituted adducts 
is expected in cycloaddition reactions of these nitrones with mono­
substituted electrophilic dipolarophiles.
Indeed the reaction of N-2,5-dimethyl-3,4-diphenyIcyclopenta- 
dienylidenemethylamine oxide with methyl or ethyl propiolate gave 
only the spiro-type 4-substituted adduct 82 in accord with the
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theoretical discussions above. After 5.5 h at room temperature, 82
_  _ RT., 5 .5h— CCL R — -frz r----
2 CHCU
R«Me or Et
( 6 2 % ) Me C02 r
(R = Et) could be isolated in 62% yield from a chloroform solution of 
48 and ethyl propiolate. Structural assignment for 82 (R = Et) was 
straightforward. A sharp six-proton resonance at 61.96 and N-methyl 
resonance at 62.93 and ring proton at 67.77 indicate the nature of the 
adduct. The large difference in the chemical shifts of the olefinic 
protons in the two regioisomers makes this structural assignment 
unambiguous (5-carbomethoxy-isoxazolines have resonances due to 
the proton at C-4 at about 65.75).
Structures of all isoxazolines and isoxazolidines synthesized in 
this work were assigned by comparisons of their nmr spectra to those 
of the similar adducts reported by Chang101 and Sims and Houk.13 
Spectral data and elemental analysis are given in Section IIIC.
Methyl propiolate also reacted with the nitrone moiety of N-3- 
t-butylcyclopentadienylidenemethylamine oxide (5Z) after five days 
in chloroform at room temperature to give only 80% of the 4-substi­
tuted adduct 8 3 . Again the vinylic proton of the isoxazoline ring 
resonates at 67.55 as a singlet in the nmr spectra of 83 (DCCI3 ) , 
indicating the 4-carbomethoxy isoxazoline nature of this spiro
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compound. t-Butyl, N-methyl and O-methyl have resonances as singlets 
at 61.15, 2.78 and 3.60, respectively. The cyclopentadiene ring protons 
have an ABX spin-spin coupling pattern. HA and Hg are both shielded by 
t-butyl, the former to a greater extent; resonates at 65.80
as dd( J AT, = 2.2Hz, J._, = 1.5Hz); H_ resonates at 66.28 as ddCJ-^ =Ad A\j d JdL
5.5Hz; J._ = 2.2Hz); and finally, H_ appears at 66.39 as ddCJ,,- =A d  L* d L
5.5Hz, JA(, = 1.5Hz) .
Interestingly, only 5-substituted adduct 84 was isolated from the 
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50 84
cyclopentenol ring have resonances at 62.37 and 2.87 (doublet) with 
a geminal coupling constant of 15.7Hz (DCCI3 ), N-methyl and 0-methyl 
have singlets at 62.90 and 3.65, vinylic proton of the isoxazoline
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ring and cyclopentenol ring have resonances at 55.83 (indicative of 
5 -carbomethoxy adduct) and 6 . 2 0  as singlets, the phenyl protons 
resonated between 66.90-7.59. Due to the relatively long conjugation, 
50 should have a low-lying LUMO, therefore, the interaction of 
dipolarophile HOMO-nitrone LUMO, as in the case of 48 and 57, will 
control the regioselectivity of this reaction, but since the largest 
LUMO coefficient of 50, in contrast to that of 48 and 57, is at the 
carbon terminus of the dipolar moiety, the 5-substituted adduct 84 is 
formed preferentially. This is the first example of exclusive 
formation of 5-substituted isoxazoline in a nitrone reaction with a 
propiolic ester which forms exclusively in a nitrone reaction with a 
stituted adducts with other nitrones. All these observations are 
equivalent to saying: the preferred regioisomer in nitrone cyclo-
additions will be that one in which the larger terminal coefficients 
of the interacting frontier orbitals are united.
Reaction of 48 with methyl acrylate at 60° for two days gave a 
single adduct, 85, in 84% yield. The position of the methyl resonances
Me Me




in the nmr (ring methyls at 61.83 and 1.91, N-methyl at 62.50 and 0- 
methyl at 63.54) indicate that cycloaddition had occurred to the 
nitrone moiety. However, the isoxazolidine ring hydrogen resonances 
in the nmr (H5 : dd, 63.78, H 5, : dd, 64.16; Hi+: dd, 64.47;3. D
•*5 5k = 9.2Hz; J4 5 = 7.0Hz; J4 5, = 7.6Hz) indicate that theD y Ql  ̂ D
4-carbomethoxyisoxazolidine is formed. The H^'s and Hs's of 5-carbo- 
methoxyisoxazolidines generally resonate at about 62.00-3.50 and 64.50- 
5.00 in the nmr spectrum. The cycloaddition of all nitrones known in 
literature with this weakly electron-deficient alkene have preferentially 
resulted in the formation of the 5-substituted adduct since the dipole 
LUMO-polarophile HOMO interaction still dominates. This frontier 
orbital interaction is even stronger in cycloaddition of 48 with methyl 
acrylate and will lead to the formation of the spiro-type 4-substi­
tuted adduct 85.
A small amount (~8 %) of a solid material which could be a complex 





of 57 and methyl acrylate after 6 days at 70°. The empirical formula
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of C2 5H 2 5 NO3 was obtained from the elemental analysis and mass 
spectral data (M+ , 337). In the nmr spectrum (DCCI3 ) 8 6 had strong 
singlets at 61.04 and 1.05 (t-butyl), a complex multiplet between 
62.30 and 2.65 (C-CH2-C and N-methyl), a complex multiplet between 
63.55 and 3.80 (-CH-CX^Me or -CH2-O- and 0-methyl), and a broad 
abosroption at 65.50 (*=CH-) .
The difference in reactivity between the nitrones 48 and 57 
toward dipolarophiles is rather striking. Under the same conditions 
(chloroform, room temperature), the reaction of methyl propiolate 
with 48 took only 5.5h, while 5 days were required for 57. Methyl 
acrylate reacted with 48 after 2 days at 60°, while 57 was very 
reluctant to react with the same dipolarophile; for reactions of 
methyl vinyl sulfone and styrene with 48, five days at 60° and 75° 
were needed, while 57 did not react at all with these alkenes; 
heating the reaction mixtures at 70° for a few days resulted in 
disappearance of the starting materials. A possible explanation for 
the unusual reactivity of 57 is given below.
There is no doubt that 1 ,4-dimethyl-2,3-diphenylbutadiene is 
a better donor than the mono-t-butyl-substituted butadiene, thus the 
replacement of methylene hydrogens of N-methylnitrone with Cj and Cj+ 
of the former will inductively raise the energy of the nitrone moiety in 
48 more than the replacements with the C ’s of the latter in 57. Based 
on this, the nitrone moiety of 48 is expected to be more reactive in 
nucleophilic reactions, e.g. cycloaddition to electron-deficient 
alkenes, than that of 57. On the other hand, since the larger 
coefficient in both HOMO and LUMO of the five-membered ring nitrone
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1 0  is on the oxygen terminus and that of the mono-substituted nucleo­
philic dipolarophile on the unsubstituted carbon, it is anticipated 
that the C-0 a bond formation in the transition state of the concerted 
reactions of 48 and 57 with these alkenes will be more advanced than 
the C-C formation. Of course, it is reasonably assumed that the ring 
substituents in 48 and 57 will not reverse the relative sizes of the 
coefficients (nitrone moiety) of the parent system, since according 
to the theoretical model discussed in Section IE, there will be no 
mixing of HOMO(diene)-HOMO(nitrone) because of different symmetries.
If the CO bond formation is more advanced in the transition state, then 
it would be expected that the five membered ring would attain some 
anti-aromatic character of the type 87 in the transition state of these 
cycloadditions. That is, in case of 48 (R3 = Ri* = phenyl, R2 = R 5 = 
methyl) the phenyl and methyl substituents can strongly stabilize the
/ ' %\ / >( s+;
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partially positive charge of the ring by resonance and hyperconjugation, 
respectively, and substantially lower the activation energy of 
concerted cycloaddition reactions of 48 with electron-deficient alkenes, 
while in these reactions 57 (R3 = t-butyl, R2 = Ri* = R 5 =H) should 
have a much higher activation energy than 48, since the stabilization
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of the positive charge of the ring by hyperconjugative electron- 
donation of t-butyl is by no means comparable to resonance donation 
of phenyls in 48. Therefore, in nucleophilic cycloadditions with 
electrophilic alkenes, 48 should be much more reactive than 57; the 
very low reactivity of 57 is possibly due to the very high activation 
energy induced by the anti-aromatic nature of the transition state.
In this work, the rate constants for the reactions of 48 and 57 
with dipolarophiles were not measured, instead reactions of equimolar 
quantities of reactants were carried out in sealed nmr tubes under 
nitrogen, and the disappearance of the nitrone or formation of the 
cycloadduct(s) was monitored by nmr spectroscopy. By taking the 
time and the temperature required for completion of a reaction into 
account, the relative reactivity of different dipolarophiles toward 
the novel nitrones could be estimated.
The reactivity difference in methyl propiolate and methyl 
acrylate cycloadditions with 48 is quite drastic; the cycloaddition 
of the former required 5.5h at room temperature for completion, while 
two days at 60° were needed for the latter. Generally acetylenes 
possess lower HOMO energies and slightly higher LUMO energies than the 
corresponding ethylenes. For example IP and EA of methyl propiolate 
are 11.5eV and -0.40eV, respectively, while that of methyl acrylate 
are 10.72eV and 0.8eV. Considering only the orbital energy factors 
methyl acrylate should react faster than methyl propiolate. However, 
opposite results have been observed in this work and in many other 
cases of 1,3-dipolar cycloaddition reactions. Striking differences 
have also been found in regioselectivity of cycloaddition reactions of
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alkenes and alkynes with 1,3-dipoles: electron-deficient acetylenes
generally behave as if they were considerably more electron-deficient 
than the corresponding alkenes. This unusual behavior of acetylenes 
has been explained by Houk et a l . ^ 2 , in terms of molecular 
distortions which occur in the transition states of nucleophilic 
additions, and the orbital energy changes which accompany these 
distortions. According to calculations done by these workers, it 
takes less energy to bend the HCC angle at one terminus of alkynes 
than to bend the HCC angle of alkenes. This, in itself, indicates 
that alkynes should distort more easily than alkenes toward product, 
and thus react more readily. Of even greater significance is the 
drastic drop in alkyne LUMO energy with HCC bending, as compared to 
the modest drop in alkene LUMO energy upon similar bending, a result 
of efficient n*cc ~ 0*cc m ^x -̂n 6 ^or small distortions in alkynes.
This rapid drop in LUMO energy with small distortions along the 
reaction coordinate indicates that alkynes will be considerably more 
electrophilic than alkenes with similar LUMO energies. In other words, 
alkyne LUMO-nucleophile HOMO interactions are much stronger in the 
transition state than alkene LUMO-nucleophile HOMO interactions, even 
for alkynes and alkenes of similar LUMO energies in the isolated 
molecules.
Methyl vinyl sulfone reacted with 48 for five days at 60° in 
HCCI3 to give 76% yield of a 37:63 mixture of 5- and 4-substituted 
isoxazolidines 8 8 and 89. The major adduct, 89, had methyl 
resonances at 61.82, 2.12 (ring methyls), 2.49 (N-methyl), and 2.70 
(SO2 methyl) and ring protons indicative of the formation of a 4-
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(78%)
methylsulfonyl adduct: a broad absorption between 64.25 and 4.55.
The minor isomer, 8 8 , had similar methyl resonances (61.92, 2.00,
2.64 and 3.06) and an ABX coupling pattern for the ring protons
characteristic of 5-methylsulfonyl isoxazolidines; : dd, 62.70;
Hi*, : dd, 63.27; H 5 : dd, 65.08; Ji* i*. = 14.0Hz; Ji* 5 = 9.0Hz;
d  a ,  D  a ,
5 = 6.0Hz. On the basis of interacting frontier orbital energies,D 9
methyl vinyl sulfone (IP = 11.52eV, EA = l.OleV) is expected to react 
faster than methyl acrylate with 48. However, methyl acrylate reacts 
faster (2 days at 60°) than the sulfone; similar results have been 
observed in other nitrone cycloadditions. The difference in 
reactivity of these dipolarophiles can be attributed in part to the 
greater spatial (steric) requirement for the approach of the sulfone 
to the dipole than methyl acrylate, due to the bulk of the sulfone 
moiety. It is believed that the addends in all 1,3-dipolar cyclo­
additions approach each other in parallel planes.1*’1® The "two- 
plane" orientation complex for nitrone cycloaddition is shown in 
Figure 23.
/ o
Figure 23. Approach of Addends in Nitrone Cyclo­
additions .
When an alkene is the dipolarophile, steric hindrance exists 
between the alkene substituents, e.g. R 3 , R 4 , and the carbon substitu­
ents of nitrone, e.g., Rj, R2 , for the formation of 4-substituted 
isoxazolidines. The larger the substituents on alkene or the nitrone, 
the greater the steric hindrance, and thus, the slower the reaction.
As was mentioned before, the steric effects are not taken into account 
in the frontier orbital treatment of cycloaddition reactions, there­
fore, the rate for reaction of two alkenes which have even similar 
ionization potentials can be quite different if steric effects are 
much different for the two reactions. Styrene (IP = 8.48eV), for 
example, is 600 times more reactive with N-t-butylnitrone than trans- 
B-methylstyrene (IP = 8.38eV)72 at 25°. Isopropenylacetate (IP = 
9.74eV) is totally unreactive with N-t-butylnitrone,7 2 even at 120°, 
whereas vinyl acetate (IP = 9.85eV)72 and N-t-butylnitrone react 
slowly at 80°. Steric effects in the reactions of C-phenyl-N-methyl- 
nitrone with alkenes was reviewed in Section IC2.
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According to Figure 23, the transition state for alkyne cyclo- 
addition is less sterically hindered becasue there is a single 
colinear substituent (or H) on each terminus. However, N-t-butyl- 
nitrone reacts faster with methyl acrylate than ethyl propiolate72 
(other cases are also known) . 10 For reactions of this nitrone (where 
Rl = R2 = H) with alkenes, steric effects are minimized. This along 
with the possibility of a very early transition state in reactions of 
N-t-butylnitrone with alkenes and alkynes, where the energies and 
geometries of the addends are very close to those of isolated species 
(e»g. negligible alkyne HCC angle bending) might have caused alkenes 
to behave normally and react faster than alkynes (Table VIII).
For reactions which give two regioisomeric products, the rate 
constant, k, can be divided into two partial rate constants, k 5 and 
k 4 , for formation of 5- and 4-substituted adducts. Table VIII shows 
the ratios of partial rate constants for methyl propiolate vs methyl 
acrylate cycloadditions with two nitrones. 101 In the transition 
state leading to the 5- substituted adduct, steric factors are not 
appreciably different for N-t-butylnitrone cycloadditions to mono­
substituted alkenes (Ri = R 2 = R 3 = R^ = H) and alkynes, so that k 5 
(methyl propiolate) is smaller than k 5 (methyl acrylate), as expected 
by frontier orbital considerations. Steric hindrance for methyl 
acrylate reaction with N-t-butylnitrone (Ri = R2 = R 3 =• H, Ri* = CC^Me), 
begins to show up in the increasing k1* (alkyne) /k^ (alkene) ratio 
in the transition state leading to the 4-substituted adduct. On the 
other hand, the k 5 (alkyne)/k5 (alkene) ratio for C-phenyl-N-methyl 
nitrone cycloadditions, where steric hindrance is not expected to be
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Table VIII. Ratios of Rate Constants and Partial Rate Constants, for 
Methyl Propiolate and Methyl Acrylate Cycloadditions 
with N-t-Butylnitrone and C-Phenyl-N-methylnitrone.
N i t r o n e
K2 ( s - C 0 2 M e )
5 ,
K ( 5 - C 0 ?  M e )
4
K ( =  - C Q ?  M e )
K 2 ( = ^  C 0 2  M e ) K * ( = \  C O g M e )
4
K ( = \  C 0 2  Me )
4b u 5 ’ ) < ^ 0 .  II < ^ 0 . 0 8 < ^ 0 . 6 6
pdy8501 4 . 0 1.91 5 3
great with methyl acrylate, is 1.91. Interestingly, k 4 (alkyne)/k4 
(alkene) ratio for this reaction is 53, because of increased steric 
hindrance as the number of bulky substituents increases (Rj = Ph,
R2 ~ R 3 = H , Rij. = CC>2Me) .
Both the HOMO and LUMO energy of methyl vinyl sulfone are lower 
than those of methyl propiolate and methyl acrylate, resulting in a 
weaker HOMO(dipolarophile)-LUMO(dipole) interaction (which favors the 
formation of 4-substituted adduct) but stronger HOMO(dipole)-LUMO 
(dipolarophile) interaction (compared to the same interactions in 
methyl propiolate and methyl acrylate reactions) which favors the 
formation of both regioisomeric cycloadducts because of the very 
similar terminal coefficients in the HOMO of the fulvenoid nitrone 
48. Thus, although the formation of 4-substituted isoxazolidine is 
favored in reaction of methyl vinyl sulfone by frontier orbital 
considerations, the sulfur of the sulfone is bulky enough to operate
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against it. The net result is the formation of some 5-substituted 
adduct 8 8 .
The reaction of styrene and 48 for 5 days at 75° gave both the 









of 35:65 respectively. In the nmr spectrum of the major adduct, 91, 
the methyl resonances were at 61.73, 2.07 (ring methyls), and 2.68 
(N-methyl) as singlets and the ring protons between 64.17 and 4.81 
as broad absorption characteristic of the 4-phenylisoxazolidines.
The methyls of the minor isomer were at 61.94, 2.08 (ring methyls), 
and 2.67 (N-methyl), and the ring protons with characteristic 
ABX pattern for 5-substituted isoxazolidines at 6 (Hi*. ) 2.55; 6 (Hi+ )D cl
2.88; 6 (H5) 5.27; Ji* = 12.5Hz; 5 = 8.5Hz; Ji+, 5 = 7.5Hz.3 y D 3 j D j
Always 5-substituted isoxazolidines have been obtained in reactions 
of styrene with other nitrones; formation of 4-substituted adduct in 
this case is the first example in the styrene-nitrone cycloaddition 
reactions. The same type of steric and electronic arguments used for 
methyl vinyl sulfone reaction with 48 can be applied here to explain 
the regioselectivity and reactivity of this apparently H0M0-LUM0 
controlled reaction.
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The regioselectivity observed in the reactions of 48 and 57 with 
methyl (or ethyl) propiolate, methyl acrylate, methyl vinyl sulfone, 
and styrene is actually an experimental proof for the "reversed" LUMO 
polarization of these fulvenoid nitrones. The regioselectivity of 
these reactions is controlled mostly by electronic considerations: 
the reactions lead to the formation of the more crowded and, there­
fore, the thermodynamically less stable adducts as major products 
where the larger terminal coefficients of the interacting frontier 
orbitals are united. However, steric factors can also play a role 
in the course of regioselectivity, even though they are usually 
overridden by frontier orbital effects.
PART E. Reactivity and Regioselectivity in C-cyclopropyl-N-methyl-
nitrone and C,C-Dicyclopropyl-N-methylnitrone Cycloadditions.
In order to get a more quantitative idea about the qualitative 
frontier molecular orbital theory for nitrone 1,3-dipolar cycloaddition 
reactivity and regioselectivity, the cycloaddition of the novel electron- 
rich C-cyclopropyl-N-methylnitrone (37) and C,C-dicyclopropyl-N-methyl 
nitrone (39) to five dipolarophiles, methyl propiolate, methyl acrylate, 
acrylonitrile, phenyl vinyl sulfone, and styrene were studied. The 
ionization potentials and measured or estimated electron affinities for 
sixteen dipolarophiles are shown in Table IX.
Because of the angle strain, the bonds in cyclopropane (called 
bent or banana bonds) are intermediate in character between a and tt, 
so that they behave in some respects like double bond compounds.1 ® 3 
For example, both cyclopropane derivatives and olefins form metal 
complexes, and add strong acids, halogens, and ozone;;they both undergo 
catalytic hydrogenation and cycloaddition. Cyclopropyl and vinyl 
groups interact with neighboring p orbitals. For example, the relative 
rate constants of acid catalyzed hydration of six alkenes (the 
reactions proceed through rate-determining protonation of the double 
bond) shown in Table X clearly demonstrate the stabilization of the 
carbenium ion by cyclopropyl group101t which has the unique property 
of being a strong electron donor by resonance while being weakly elec­
tron withdrawing inductively. 1 0 5 There is much evidence, chiefly 
from uv spectra, that a cyclopropyl group is conjugated with an 
adjacent double bond.103 The conjugative donation of cyclopropyl is
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Table IX. Ionization Potentials and Electron Affinities of Some 
Alkenes and Alkynes
Dipolarophiles IP, eV EA, eV
Isobutyl vinyl ether 9.1 -1.80a
a-Methylstyrene 8.55, 10.14 -1.55a
cis-0-Methylstyrene 8.55, 10.15 ~1.60a
>
trans-(5-Methylstryene 8.38, 10.26 -.158a
Styrene 8.48, 10.55 -1.52a
•
Methyl acrylate 10.72 0 .8b
Acrylonitrile 10.91 0 .0 2 b
Fumaronitrile 11.15 0.78b
Methyl Propiolate 11.15 -0.40b
Nitroethylene 11.23 0 .8b
Phenyl vinyl sulfone 11.4 0.893
Divinyl sulfone 11.45 0.94a
Methyl vinyl sulfone 11.52 1 .0 1 ?
Tetracyanoethylene 11.79 2 .8 8b
Cyanoacetylene 11.81 ob
Bis-trifluoromethylfumaronitrile 11.85 1.83a
3,3,3-Trifluoropropyne 1 2 . 1 2 ----
a. Estimated from EA = IP - AE(X )-5eV.max
b. Reference 11.
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Table X. Rates of Acid Catalyzed Hydration of Alkenes RiR2C = CH2 in 
H 2O 101t at 25.0°.
Ri R2 k (rel)(H3°+>
c-Pr c-Pr 9.3 x 107
c-Pr Me 1 . 8 x 1 0 6
c-Pr H 996
Ph H 1 . 0
Me H 0.15
H H 1.8 x io-6
only effective when a bisected conformation can be achieved with the 
plane of the cyclopropyl group parallel with the ir-system. 1 ® 3 In 
fact, the nitrones 37 and 39 have considerably lower IP's than the 
usual nitrones (Table XI) due to the interaction of cyclopropyl(s) 
with the neighboring it system of the nitronic function.
For all of the nitrones and electron-deficient dipolarophiles, 
the gap between the nitrone HOMO and the dipolarophile LUMO is smaller 
than the opposite frontier orbital interaction. As discussed earlier, 
the rates of reactions of nitrones increase as the dipolarophile is 
made more electron-deficient, but with only moderately electron- 
deficient dipolarophiles, the nitrone LUMO-dipolarophile HOMO inter­
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action has the greatest influence on regioselectivity due to the large 
difference in nitrone LUMO terminal coefficients. However, as the 
nitrone is made more electron-rich, the nitrone HOMO-dipolarophile 
LUMO interaction increases, and this not only accelerates the reaction, 
but increases the amount of 4-substituted adduct formed, since the 
nitrone has the largest terminal coefficient at oxygen, and the dipolaro­
philes at the unsubstituted carbon.
For each alkene reaction with C-cyclopropyl-N-methylnitrone, 37, 
four isomeric products, namely 5-substituted cis (abbreviated as 5- 
cis), 5-trans, 4-cis, and 4-trans, are possible.
M«
92 93 94 95
a. S = CN a. S = CN a. S = CN a. S = CN
b. S = C02Me b. S = C02Me b. S = C02Me b. S = C02Me
c. S = S02Ph c. S = S02Ph c. S = S02Ph
d. S - Ph d. S = Ph
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For each alkene reaction of C,C-dicyclopropyl-N-methylnitrone, 
39, on the other hand, the formation of only two isomeric products, 
5-substituted and 4-substituted isoxazolidines (96 and 97), are 
possible.
Reaction of C-cyclopropyl-N-methylnitrone with weakly electron- 
deficient acrylonitrile at 63° in chloroform for 2.5h gave both cis 
and trans 5- and cis and trans 4-substituted adducts in a 63:37 ratio. 
Only the 5-substituted trans adduct, 93a, could be isolated in pure 
form. In the nmr spectrum of §3a, two of the methylene hydrogens of 
cyclopropyl ring* had resonances between 60.10 and 0.35, and the 
other two between 60.47 and 0.72 as multiplets; the tertiary hydrogen 
of the cyclopropyl ring* resonated between 60.80 and 1 . 0 0  (m) and the 
N-Me at 62.80. The chemical shift of the H 3 of isoxazolidines depends 
on the substituent at C 3 , usually H 3 resonates between 63.40 and 4.80.
Me Me
S
H40 H8 «4 H5o 
9739 96
a. S = CN a. S = CN
b. S = C02Me b. S = C02Me
c. S = S02Ph
d. S = Ph
*The hydrogens of the cyclopropyl have similar chemical shifts 
and appearances in the adducts of 37 and 39 and are given in Section 
IIIC.
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H 3 in 93a (as well as the other adducts of 37 and 39) is considerably 
shielded by the cyclopropyl ring and has a broad absorption between 
61.70 and 1.95. The chemical shift and coupling constants of the 
remaining ring protons (Hi*, : ddd, 62.45; Hi* : ddd, 62.82; H 5 : dd,D cl
64.70; J3 i* = 8.0Hz; J 3 1*, = 8.3Hz; Ji* 1* = 12.5Hz; Ji* 5 = 9.1Hz;) 3 ) D 3) D
Ji*b5 = 4.2Hz) revealed the nature of the adduct §3a. All the nmr
spectra of the adducts of 37 and 39 were taken in CDCI3 ; the 
assignments were confirmed by the spin double resonance experiments. 
The 5-substituted cis adduct, 92a [nmr: H 3 : looks like a broad
quartet, 62.25-2.40; Hi*, : ddd, 2.58; Hi* : ddd, 2.73; N-Me: s,D 3
2.83; H 5 : dd, 4.69; J 3 1+ = 7.0Hz; J 3 i*, = 7.7Hz; Ji* 1*, = 12.7Hz;f 3 ) D 3) D
Ji* 5 = 4.8Hz; Ji+, 5 = 8.7Hz] could not be separated from the 4-cisa, b ,
adduct, §4g [nmr: H 3 : like a very broad triplet, 61.78-2.00; N-Me:
s, 2.74; Hi*: ddd, 3.51; H 5 : dd, 4.03; H 5, : dd, 4.20; J 3 i* =3 D y
8.7Hz; Ji* 5 = 6.9Hz; Ji+ 5, = 9.0Hz; J5 5, = 8.7Hz] by pic, but the
9 3 y D 3 J D
compounds could be identified by nmr spectroscopy (200 MHz) and spin 
double resonance experiments. The third pic fraction consisted of
5-cis, 4-cis and the 4-trans adducts, 95a [nmr: H 3 : like a very
broad triplet, 62.06-2.19; N-Me: s, 2.78, Hi*: ddd, 3.31; H 5 :
4.08; H 5b: dd, 4.12; J 3 >i* = 7.8Hz; Ji*>5a - 8.5Hz; Ji*j5b = 5.2Hz;
J5a,5b = 8 ‘5Hzl•
The reaction of C,C-dicyclopropyl-N-methylnitrone (which is more 
electron-rich than 37) with acrylontrile gave a 24:76 mixture of 5- 
and 4-substituted adducts, 96a [nmr: Hi* +  Hi* :̂ m, 2.12-2.36; N-Me:
s, 2.80; H 5: dd, 4.65; Ji*a 5 = 7.5Hz; Ji*b 5= 6.5Hz] and 97a [nmr:
N-Me: s, 62.70; H,*: dd, 3.17; H ^ :  dd, 4.00; H 5a: dd, 4.18;
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J\ 5a = 9 ’0HZ; J\ 5b = 7,0Hz; Jsa,5b = 8 *3Hz]
Methyl acrylate, another moderately electron-deficient dipolaro­
phile, reacted with C-cyclopropyl-N-methyl nitrone at 63° in chloro­
form to give a mixture of all four possible regio and stereoisomers in 
72% overall yield. The regio and stereoisomers could not be 
separated by pic, but the ratio of the normal adduct (92b and 93b) 
could be determined by integration of the well-resolved absorptions 
of H 5 in 92b and 93b [64.46* (dd, J = 9.3Hz, J = 6.0Hz) and 64.53*
(dd, J = 7.9Hz, J = 6.4Hz)] and H 5 + H 5, in 94b and 95b (complex3 D 'v ~ ~
absorption between 64.03 and 4.25) to be 78:22. The remaining ring 
protons, Hit's of 94b and 95b resonated at 63.25 (ddd, appeared like a 
quartet, J = 7.0Hz) and 3.53(ddd, J = 8 .6Hz, J = 8 .6Hz, J = 7.8Hz); 
Hita + Http's §?b and 93b resonated as complex multiplets centered 
at 62.40 and 2.70; H 3 's of both stereoisomeric regioisomers as broad 
absorptions between 61.75-1.88 and 61.95-2.15. The N-Me's appeared 
as singlets at 62.65, 2.70, 2.73 and 2.76., and O-Me's at 63.65, 3.70, 
3.73, and 3.76.
Reaction of C,C-dicyclopropyl-N-methyl nitrone with methyl 
acrylate at 62-63° in chloroform for 14 h gave both the 5-substituted, 
96b [nmr: Hit + Hit, : d, 62.04; N-Me: s, 2.70; O-Me: s, 3.70; H 5 :** «* — a D
t, 4.44; Jit 5 = Jit, 5 = 8.0Hz] and 4-substituted, 97b [nmr: N-Me:a , b,
s, 62.65; Hit: dd, 63.04; O-Me: s, 3.66; H 5 : dd, 3.92; H 5, : dd,3 D
4.22; Jit 5 = 8.5Hz; Jit 5, = 7.5Hz; J 5 5, = 8.5Hz] adducts in 45:55y 3 j D 3 ) D
ratio by nmr.
*It is hard to decide which of these absorptions belong to 92b
or 93b because of the complexity of Hita + Hh^ absorptions centered 
at 62.40 and 2.70.
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Reaction of C-cyclopropyl-N-methylnitrone with phenyl vinyl 
sulfone, a very electron-deficient dipolarophile, gave a 38:62 mixture 
of the 5- and 4-substituted isoxazolidines. The 5-substituted adduct 
isolated by pic was exclusively the cis isomer 92c [nmr: H 3: a broad
absorption, 62.17-2.37; H ^ :  ddd, 2.65; N-Me: s, 2.85; H ^ :  ddd,
3.05; H 5: dd, 4.92; J 3 ^  = 6.0Hz; J 3 ^  = 9.5Hz; ^  = 13.8Hz;
Jit& 3 = 2.9Hz; 5 = 8.9Hz], The 4-substituted adducts were isolated
as a mixture of 4-cis, 94c [nmr: H 3 : broad absorption, 61.87-2.07;
N-Me: s, 2.73; Hi* + Hsa + H ^ :  m, 3.85-4.32] and 4-trans, 95c [nmr:
H 3 : broad absorption, 62.50-2.62; N-Me: s, 2.75; + H 3a + H 5^: m,
3.85-4.32] isomers which could not be separated by pic but their 
ratios were determined to be 32(cis):68(trans) by nmr. 94c and 95c 
were distinguished by the chemical shift of H 3 of these isomers; 
presumably H 3 in the 4-trans isomer is deshielded by phenyl sulfonyl 
at Ci+ more than H 3 in 94c.
Reaction of C,C-dicyclopropyl-N-methylnitrone with phenyl vinyl 
sulfone after 9 h at 62-63° gave exclusively (60% yield) the 4-sub­
stituted adduct 2Zq [nmr: N-Me: s, 62.77; Hi* + H 5 + H 5, : m, 3.74-
Si D
4.37].
Ethyl propiolate, another very electron-deficient alkene, and C- 
cycloprpopyl-N-methyl nitrone reacted rapidly (10 minutes) at 44° in 
chloroform to give a 20:80 mixture of isoxazolines 98 [nmr: -CH2 -CH3 :
t, 61.33, J = 7.1Hz; N-Me: s, 2.83; H 3 :dd, 3.43; -CH2 -CH3: q, 4.30,
J = 7.1Hz; Hi*: d, 5.80; J 3 3'  = 7.0Hz, J3 i+ = 2.6Hz] and 99 [nmr:
9 9
-CH2-CH3 : t, 61.30, J = 7.1Hz; N-Me: s, 2.74; H 3 : dd, 3.63;
-CH2-CH3 : q, 4.27; J = 7.1Hz; H 5: d, 7.39; J 3 3'= 6.0Hz; J 3 5 =
122
1.5Hz] in 92% overall yield. H 3 is the tertiary hydrogen of the 
cyclopropyl ring.
98 99 100
Methyl propiolate and C,C-dicyclopropyl-N-methylnitrone reacted 
for 25 h at room temperature in chloroform to give exclusively the 
4-substituted adduct 100 [nmr: N-Me: s, 62.94; O-Me: s, 3.72; H 5 :
s, 7.31] in 90% yield.
C-cyclopropyl-N-methylnitrone reacted with stryene, a conjugated 
dipolarophile, regioselectively after 35 h at 62-63° to give only 
the 5-substituted isoxazolidine as a mixture of cis and trans isomers, 
92d and 93d. The ratio of stereoisomers was 68:32 by integration of 
the N-Me absorptions (major: 62.83; minor: 62.82) of 92d and 93d;
H 5 of the major and minor isomers had the characteristic resonances 
for the 5-phenyl substituted isoxazolidines at 65.08 (dd, J = 8.5Hz;
J = 6 .6Hz) and 5.11 (dd, J = 7.5Hz; J = 7.5Hz); they could be 
separated by pic but because of the complex second-order multiplet 
absorption of Hi* Hi*, and H 3 of the minor isomer between 61.97 and
Si y D
2.72, it was impossible to distinguish the isomers from each other 
by their nmr spectrum. However, the major isomer seems to be the 
adduct 92d: H 3 : broad absorption centered at 62.05; Hi*a : ddd, 62.30; 
Hi*. : ddd, 2.56; J 3 1* = 7.9Hz; J 3 1* = 8.5Hz; Ji* 1*, = 12.3Hz;D ) 8 j D 3. j D
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Jit 5 = 6 .6Hz; J4, 5 = 8.5Hz. a, d  ,
The reaction of C,C-dicyclopropyl-N-methylnitrone with styrene 
at 62-63° for 9 days gave only the 5-substituted adduct 96d [nmr: Hl+a : 
dd, 61.84; : dd, 2.23; N-Me: s, 2.82; H 5: dd, 5.06; J4 4 =D 3. s D
12.3Hz; J4 5 = 8.7Hz; J4, 5 = 7.7Hz] in 40% yield, a, b ,
The results are summarized in Table XI along with experimental 
regioselectivities observed with N-t-butylnitrone, C-phenyl-N-methyl- 
nitrone, 3,4-dihydroisoquinoline N-oxide, and six electron-deficient 
alkenes and alkynes. As shown in Table XI, there is not a quantitative 
relationship between the nitrone IP’s and the amount of 4-substituted 
isomer formed, but there is a general trend of increasing percentage 
of 4-substituted adduct as the IP of the nitrone decreases (top to 
bottom), or the electron affinity (EA) of the dipolarophile increases106 
(left to right). In Table XI, the first two tt IP’s of the nitrone
Q Ohave been listed, since in cases of conjugated systems, the HOMO 
may have a low IP, but be delocalized away from the CNO moiety. In 
such cases, a weighted average of the first and fourth IP's (2/3 IPi 
+ 1/3 IP4 )> "IP ", is used to show that the net electron donor 
abilities of the nitrones increase going from top to bottom of the 
column in Table XI.
Although the arguments given above are based only on orbital 
energies, donor substituents on the nitrone carbon have an additional 
influence on the nitrone HOMO, causing the oxygen coefficient to 
increase at the expense of the carbon. 1 0 6 This also reinforces the 
preference for 4-substituted adduct as the nitrone IP decreases.
Table XI. Ratios of 5-Substituted:4-Substituted Adducts From Nitrone Cycloadditions of Electron- 
Deficient Dipolarophiles. 10 6
5
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C,C-dicyclopropyl-N-methylnitrone shows complete reversal of 
regioselectivity in cycloadditions to very electron-deficient phenyl 
vinyl sulfone and methyl propiolate. Because of the high lying HOMO 
and LUMO of C,C-dicyclopropyl-N-methylnitrone, the dipole HOMO- 
dipolarophile LUMO interaction becomes so much more important than 
the dipolarophile HOMO-dipole LUMO interaction that completely 
dominates the reactions and leads to the formation of the 4-substituted 
adducts.
The reactions of 37 and 39 with styrene is probably HOMO-LUMO 
controlled, but since the nitrone LUMO coefficients are more polarized 
(compared to HOMO), regioselectivity is still controlled by the 
nitrone LUMO and only the 5-substituted isoxazolidines are formed.
Based on frontier molecular orbital theory, C-cyclopropyl-N- 
methylnitrone (37) should be more reactive than C-phenyl-N-methyl 
nitrone (22) toward electron-deficient alkenes. In fact the reaction 
of 37 with phenyl vinyl sulfone in chloroform takes 3.5 h at 63° for 
completion while 22 requires 13.0 h at 80° to react with the same 
dipolarophile in the same solvent.
In all reactions with dipolarophiles, C-cyclopropyl-N-methyl 
nitrone is more reactive than C,C-dicyclopropyl-N-methylnitrone 
(the reverse is expected based on electronic factors only). This 
is because the latter is more hindered towards approach of the 
dipolarophile than is the former.
The results of this work suggest that when the dipole is made 
sufficiently electron-rich and the dipolarophile highly electron- 
deficient, then the regioselectivity of nitrone cycloadditions is
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controlled mainly by electronic considerations rather than steric 
factors which of course is responsible as the cause of the low 
reactivity in many 1,3-dipolar cycloadditions.
PART F. Rearrangements of A^-Isoxazolines
The first representative of A^-isoxazoline is a tricyclic adduct 
67 obtained from the reaction of 3,4-dihydroisoquinoline N-oxide with 
methyl propiolate (page 32). The isoxazoline was reported by Huisgen 
in 1963.107 Within ten minutes in refluxing ethyl acetate the colorless 
adduct §7 was converted to a bright orange isomer which was incorrectly 
assigned the structure.101. 1 8 7 Takahashi and Kano* ® 8 in 1965, and 











from the reactions of benzimidazole N-oxide and phenathridine N-oxide 
with methyl propiolate. Careful inspection of Huisgen’s orange isomer 
revealed that it is indeed such a zwitterion.*
The zwitterion 104 is the first stable and crystalline azomethine 
ylide in which the 1,3-dipolar system is not incorporated in an aromatic 
ring. The compound retains 1,3-dipolar activity; for example, it 
reacts with dimethyl acetylenedicarboxylate (DMAD) to give a quanti­
tative yield of two diastereomeric adducts.105.110
100%
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The literature contains few references to the instability of 
A^-isoxazolines. 1 1 1 In some cases, the isolation of rearrangement 
products have been reported.6 0 * 1 0 8 *1 1 2 Baldwin and his coworkers111 
proposed the following mechanism for the thermal rearrangement of 
A**-isoxazoline to A^-oxazolines (Figure 24) and reported the data 
described below to support this mechanistic proposal. The intermediacy 
of an aziridine was shown by the rapid rearrangement of 106a.to the 
isolable acylaziridine, 107a. Further heating produced the A**- 
oxazoline, 109a, probably via electrocyclic ring opening of 
acylaziridine (107a) to a azomethine ylide (108a) followed by electro- 
cyclization of the latter to the observed product. The rearrangement
A^-Isoxazoline Acylaziridine Azomethine Ylide A^-Oxazoline
Figure 24. Baldwin’s Mechanism for the Rearrangement 
of A^-Isoxazolines.
106a
R 2 = mesityl, R 3 = H 
Ri,. = R 5 = CO2 CH3
25* 107a 110 5" 10 8 a---- » 109a
of 106b at 80° passed the acylarizidine and azomethine ylide stages and 
directly gave the oxazoline 109b. Compounds 106a and 106b were
106b
R 2 = t-butyl, R 3 = H 
R14 = R 5 = CO2 CH3
80‘
+  107b -> 108b 109b
obtained from the rapid reactions of N-mesitylnitrone and N-t-butyl­
nitrone with DMAD at 25° and 0°, respectively. The reaction of N-t- 
butylnitrone and 3-methyl-butyn-3-ol at 74° (10 min) produced the 
labile isoxazoline 106c which slowly rearranged at 78° to the 
acylaziridine, 107c.
106c
R 2 = t-butyl, R 3 = R5 = H
R 5 - (ch3)2coh
78‘ 107c
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Product formation and reaction rates for the reactions described 
above were not influenced by oxygen, radical inhibitors, or small 
amounts of acids or bases. 111
The transformation of A^-isoxazoline to A^-oxazolines is favored 
by 23 kcal/mol by consideration of standard bond energies. 1 1 0 Most 
of this reaction enthalpy is liberated in the initial ring contraction 
to the acylaziridine due to breaking of the labile NO cr-bond and 
formation of energetically favorable CO double bond. The conversion 
of acylaziridine to oxazoline is only slightly exothermic. All these 
are shown in Figure 25. Thus, the relative stabilities of acylaziri­
dine, A^-oxazoline and the intermediate azomethine ylide should depend 
highly on the nature of the substituents.
H
 ZJ1 » y N v  zA > h-N̂ N)
Kcal /mol  L ^  Kca l /mo l  \ _____/
CHO V = /
A^-Isoxazoline 2-Acylazridine A^-Oxazoline
Figure 25. Thermochemical Estimates Based Upon 
Standard Bond Energies. 1 1 0
Two mechanisms are possible for the ring contraction of isoxazo- 
line to acylaziridine: a 1 ,3-sigmatropic shift of NO a-bond, and a
path via a diradical intermediate. In a kinetic study done by 
Huisgen and his coworkers, solvent polarity had a negligible influence 
on the rearrangement rate of 35. 1 1 0 On the other hand, the lack of an 
induction period indicated that the ring contraction step is the rate-
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determining step. These, along with the fact that the rate of 
rearrangement of N-aryl substituted isoxazolines is much faster than 
N-alkyl substituted ones (the former should stabilize the radical on 
nitrogen) allowed Huisgen to propose the formation of diradical inter­
mediate in the ring contraction step of isoxazoline rearrangement,110 
even though the concerted 1,3-sigmatropic shift cannot be ruled out 
by these observations. However, there are cases where a concerted 
1,3-sigmatropic shift is a more attractive mechanism for these 
rearrangements than the diradical intermediate mechanism discussed 
above. A beautiful investigation by Carrie and Gree113 is an 
evidence for concertedness of isoxazoline contraction to aziridine.
They studied the cycloaddition of Z and E isomeric nitronic esters,
110 and 111 to benzoylacetylene. The rate-determining addition step 
at 0 ° was followed by a fast ring contraction to stereoisomeric 
acylaziridines 114 and 115 which were isolated. The N-methoxyisoxazo- 
lines and aziridines do not undergo nitrogen inversion at 0°. The 
increase in the nitrogen inversion barrier caused by alkoxy substi­
tution (or any electron donor) and by compressing the nitrogen into 
a three-membered ring are well-known phenomena. In this case, the 
diastereomeric aziridines and isoxazolines equilibrate only at 80°.
These experiments showed that the ring contraction of the N- 
methoxy isoxazolines proceeds with retention of configuration at 
the pyramidal nitrogen. A mixture of diastereomeric aziridines would 
have been obtained if the contraction had started with a N-0 homolysis, 
and the diradical intermediate had sufficient lifetime for rotation 
about the CN bond. Therefore, a concerted 1,3-sigmatropic shift is
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the most reasonable mechanism for contraction of 112 and 113. It is 
possible that both concerted and diradical pathways operate, depending 
on the system at hand.
The regioisomeric A^-isoxazolines, 116 and 117, studied by 
Sims7 2 had remarkable differences in stability. The 4-substituted 
isomers, 117, underwent rearrangement in CCI4 solutions at about 80°, 
while the corresponding 5-substituted isomers, 116, were stable under 
these conditions. The difference in the propensity for rearrangement 
of isoxazolines 116 and 117 is due to differences in the ease of N-0 
bond cleavage. An intermediate (or concerted transition involving 






R5 =C02 Et» CN»Ph R4 = C02 Et» CN
stabilized by a substituent at C^, but only slightly by substitution 
at C 5 . Electron-withdrawing or conjugating substituents on Ci* and/or 
electron releasing or conjugating substituents on nitrogen will be 
particularly effective if some polarization of the transition state 
occurs as in 118.
The 4 and 5-substituted isoxazolines, 98, 99 and 100 synthesized 





Instead, the heating induced the generation of cyclopropanecarboxalde- 
hyde in case of 98 and 99, and dicyclopropylketone in case of 100. 
Probably these isoxazolines undergo intitial retro 1,3-dipolar reaction 
upon heating resulting in C-cyclopropyl-N-methylnitrone (from 98 and 99) 
and C,C-dicyclopropyl-N-methylnitrone (from 100) and then trace amount 
of water present in the solvent hydrolyzes these nitrones to corre­
sponding aldehyde and ketone (these nitrones are very susceptible to 
hydrolysis). However, spiro-type 4-substituted isoxazolines 82 and 83 
obtained from the reaction of N-2,5-dimethyl-3,4-diphenylcyclopenta- 
dienylidenemethylamine oxide (48) and N-3-t-butylcyclopentadienylidene- 
methylamine oxide (57) with methyl propiolate (Section IID) rearranged 
at 70° in DCCI3 to give the azomethine ylides 120 and 122, respectively, 











aziridines 119 and 121 could not be detected in following the rearrange­
ments by nmr spectroscopy (indicating that the rate-determining step is 
indeed the formation of the acylaziridine), they are undoubtedly inter­
mediates in the rearrangement to the stable azomethine ylides 1 2 0  and 
122. Both ylides have indefinite shelf-life time and are very 
unreactive toward cycloaddition with dipolarophiles, such as methyl 
propiolate and methyl acrylate. The difference in time required for 
rearrangement of 82 and 83 is quite striking; only -3 min is needed 
for 82 while 6 days are required for 83 at 70® in chloroform. The 
effect of substituents on cyclopentadiene moiety of these spiro 
isoxazolines is not immediately obvious in the rearrangement of these 
compounds. Perhaps the greater steric population in 82 due to the 
methyl substituents is the driving force for the much faster rearrange­
ment of this molecule than 83. Elemental analysis and mass spectral 
data of 120 and 122 is given in Section IIIC.
In the nmr spectrum of 82 (R = Et), the ring methyls resonated 
at 2.20 and 2.506(DCCI3 ) , and the N-methyl resonated at A.28, 
the chemical shift of the latter is very similar to the N-methyl 
absorption of the corresponding fulvenoid nitrone 48 (64.20, CDCI3), 
indicating the similarity of charges at nitrogen in both species and 
therefore the azomethine ylide nature of this compound; the ethyl 
appeared as a triplet and a quartet at 61.30 and 4.26, respectively; 
the phenyl protons showed up as a multiplet between 66.81 and 7.50, 
and the aldehyde proton a singlet at 69.65. The N-methyl resonance 
shifted upfield to 63.45 and the aldehyde resonance shifted downfield 
to 610.50 in benzene-dg solvent. These nmr data along with the
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empirical formula of C2 5H 2 5 NO3 obtained from the elemental analysis 
and mass spectral data leave no doubt about the structural assign­
ment of 120. The nmr data for 120 where the R = Me is given in 
Section IIIC. The azomethine ylide 122, on the other hand, could be 
a mixture of geometrical isomers. The t-butyl and N-methyl groups 
appeared as singlets at 61.37 and 4.10 (DCCI3 ); the N-methyl chemical 
shift of the corresponding nitrone 57 (63.98, CDCI3 ) is very close to 
that of the ylide 122; again the data show that the nitrogens in 57 
and 1 2 2 are in a similar oxidation state; the 0 -methyl resonated at 
63.78 and the ring protons at 68.00, accidentally as a singlet 
(although they are chemically different) revealing a strong electron 
donation from the azomethine ylide moiety into the diene system (in 
accord with the theoretical arguments in Section IE) and therefore 
the aromatic nature of the five-membered ring; finally, the aldehyde 
proton showed up as a singlet at 69.65. All these nmr data are 
compatible with the assigned structure 1 2 2 .
PART G. Summary and Conclusions
The experimental results reported here indicate that the simple 
donor-acceptor model used to predict stabilities of fulvenoid dipoles 
is qualitatively correct. N-cyclopentadienylidenementylamine oxide 
resisted attempts at synthesis, since the parent nitrone is a good 
acceptor but only a moderately good donor. Thus, the nitrone unit is 
expected to stabilize the HOMO of a triene, so that N-cyclohepta- 
trienylidenemethylamine oxide is a relatively stable molecule. The 
nitrone mixes with, and lowers the energy of the LUMO of diene, 
resulting in a low-lying LUMO orbital for the composite molecule and 
thus a kinetically unstable compound. The three-membered analog,
N-2,3-diphenylcyclopropenylidenemethylamine oxide also could not be 
synthesized, probably because of the very substantial angle strain 
which overcomes the stability gained from the union of the nitrone 
carbon to 1 ,2 -diphenylethylene.
The orientation of cycloadditions of fulvenoid 1,3-dipoles to 
unsymmetrical dipolarophiles can be rationalized by frontier molecular 
orbital theory. Nitrone reactivities in cycloadditions were shown to 
be related to the relative disposition of the interacting frontier 
orbitals, and regioselectivity and periselectivity were shown to be 
related to the coefficients of the interacting frontier orbitals.
Both pairs of frontier orbital interactions are important in 
reactions of nitrones with conjugated dipolarophiles; however, regio­
selectivity is controlled by the dipole LUMO due to bond stretching 
in the transition state and larger differences in relative magnitudes 
of terminal coefficients in the dipole LUMO. The dominant frontier
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orbital interaction with electron-deficient dipolarophiles is between 
the dipole HOMO and the dipolarophile LUMO. When this interaction is 
sufficiently great, regiochemistry is controlled by the dipole HOMO, 
and partial or total reversal of regioselectivity (formation of 4- 
substituted adduct) with nitrones is observed, in spite of the fact 
that steric effect decrease the reaction rate in some cases.
The periselectivity of N-2,5-dimethyl-3,4-diphenylcyclopenta- 
dienylidenemethylamine oxide and N-3-t-butylcyclopentadienylidenemethyl- 
amine oxide reactions with ethyl (or methyl) propiolate, methyl 
acrylate, methyl vinyl sulfone, and styrene was shown to be in accord 
with frontier orbital concepts; only thermally allowed [ 4 + 2 ]  cyclo- 
adducts (cycloaddition to the nitrone moiety of the composite nitrones) 
were observed in reactions of the fulvenoid nitrones with these 
dipolarophiles. The formation of these products was controlled by 
the fulvenoid nitrone LUMO-dipolarophile HOMO interactions.
III. EXPERIMENTAL
PART A. General Information
Solvents and reagents were of commerical reagent grade.
Melting points were determined on a Thomas-Hoover capillary
melting point apparatus and are uncorrected.
Elementary analysis were performed by Ralph Seab, Louisiana
State University, Baton Rouge.
Photoelectron spectra (pes) were recorded by Dr. Linda Domelsmith
and Nelson Rondan on a Perkin-Elmer Model PS-18 Photoelectron Spectrometer
°using helium discharge lamp (Hel, 584A " 21.21eV) as the source.
Mass spectra were determined by Don Patterson on a HP 5985 
Quadrapole Mass Spectrometer using an ionization energy of 70eV.
Only parent peaks (M+) and m/e ratios for peaks with intensities 
greater than 15% of the base peak are given.
Infrared spectra (if) were recorded on Perkin-Elmer infracord 
Model 137, Perkin-Elmer 727B, and Perkin-Elmer 621 Spectrophoto­
meters. The 6.24y band of polystyrene was used as calibration 
standard. Band positions are presented as wavenumbers (cm •*•) and 
wavelengths (y in parenthesis). The intensities of bands are 
denoted by the letters: s = strong, m = medium, w = weak.
Nuclear magnetic resonance spectra (nmr) were recorded on a 
Varian A-60 and, when needed, on Varian HA-100 or Bruker WP-200 
(by Morrie Dellinger) spectrometers. Chemical shifts are reported 
in ppm (6 ) downfield from tetramethylsilane as an internal standard. 
General notations are used to describe the spectra: s = singlet,
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d = doublet, m = multiplet, b = broad, etc.
Preparative scale cycloadditions were carried out in sealed
iampules under nitrogen. Optimum reaction temperatures, times, and 
ratio of isomers were determined from small scale reactions carried 
out in nmr tubes. For studies above room temperature, the reaction 
mixture was heated in an oil bath, periodically removed and rinsed with 
acetone to clean the nmr tube, and the nmr spectrum was recorded.
All reactions employed equal concentrations of reactants.
Preparative (pic) and thin layer (tic) chromatography were 
performed on glass plates and aluminum sheets respectively, coated 
with EM reagents silica gel F-254. The preparative layer plates 
were 2.00mm thickness. The eluent consisted of X% ethyl acetate 
in cyclohexane, v/v. Selected fractions were scraped from the pic 
plates and eluted with chloroform. The desired fraction(s) were 
identified by nmr spectroscopy and, for some fractions, subsequently 
purified further by preparative layer chromatography. Separation 
data for each pic purification is reported as (X%, y elution, mode 
of detection.).
Some compounds isolated by preparative layer chromatography had 
no uv absorptions above 2 0 0 nm and could not be seen on a pic plate 
with an ultraviolet light. These sample fractions were identified 
by exposing a two centimeter strip of the pic plate in an iodine 
developing tank for thirty minutes. The exposed portion of the plate 
was discarded and the yields for these reactions were reduced by 
almost 5% . Alternatively, a portion of the layer was removed by 
pressing a piece of transparent tape across the bands. The tape
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then was exposed to iodine vapor and used as a key to locate the 
bands on the chromatogram.
In general, only four kinds of adducts were synthesized by 
cycloaddition reaction of the novel nitrones with dienophiles: 4-
and 5-substituted isoxazolidines and 4- and 5-substituted isoxazolines.
PART B. Syntheses of Alkenes and Alkynes
Commerically available ethyl1 1 4 3  and methyl propiolate,114b
acrylonitrile,1 1 4 3  methylacrylate, 1 1 4 3  styrene, 1 1 4 3  ethyl vinyl
3. bether, 1 1 4 and 1 ,1 -dimethoxy ethylene114 were used in these studies
without further purification. Ethoxyacetylene, 1 1 5 N-phenyltriazo-
linedione, 1 1 5 1 -diethylaminobutadiene, 1 1 7 and 1 ,1 -dipiperidino-
ethylene1183’* were prepared by literature procedures.
Synthesis of Methyl Vinyl Sulfone
Phenyl vinyl sulfone1 1 8 was prepared by oxidation of phenyl 
vinyl sulfide with hydrogen peroxide in acetic acid in 40% yield.
The sulfone is a white powder, mp = 66-67°C.
7 2Phenyl vinyl sulfide was prepared by dehydrohalogenation 
(potassium t-butoxide, DMSO) of g-chloroethyl phenyl sulfide. 3- 
chloroethyl phenyl sulfide1 2 0 3  (bp. 64.5-70°C at 0.33 mm) was 
prepared from S-hydroxyethyl phenyl sulfide1 2 (SOCI2 , dimethyl- 
aniline) which was synthesized from the reaction of thiophenol114a 
and 2 -chloroethanol.1 l1*a
Synthesis of Methyl Vinyl Sulfone
Methyl vinyl sulfone1 2 1 3 was prepared by dehydrohalogenation 
(Et3N, anhydrous ether) of methyl 2 -chloroethyl sulphone1 2 1 3  which 
in turn was prepared by oxidation of methyl 2 -chloroethyl sulphide 
with hydrogen peroxide in acetic acid. The sulfone is a colorless 
oil, bp. 115-117°C at 19mm.
*The enamine is exceedingly air sensitive and develops a yellow 
color on brief contact with a^ «  It can also be synthesized by the 




Methyl 2-chloroethyl sulphide121 was prepared from 3“hydroxy 
ethyl methyl sulfide (S0C12 , dry chloroform).
3-hydroxyethyl methyl sulfide12lC was prepared from the 
reaction of sodium methyl sulfide (methyl mercaptan + sodium 
ethoxide) with 2 -chloroethanol in absolute ethanol.
Methyl mercaptan was generated from the reaction of S-methyl 
isothiourea sulfate121** (thiourea + methyl sulfate, H 20) with 5N 
sodium hydroxide solution.
PART C. Syntheses and the Attempted Syntheses of 
the Novel Nitrones and Their Cycloadditions
A complete experimental description of the syntheses of 2,5- 
dimethyl-3,4-diphenylcyclopentadienylidenemethylamine oxide, N-3-t- 
butylcyclopentadienylidenemethylamine oxide, C-cyclopropyl-N-methyl- 
nitrone, and C,C-dicyclopropyl-N-methyl nitrone, as well as the 
attempted synthesis at N-3,4-diphenylcyclopentadienylidenemethylamine 
oxide, N-2,4-di-t-butylcyclopentadienylidenemethylamine oxide, and 
N-cyclopentadienylidenemethylamine oxide (one reaction only) is given 
in this section. The experimental procedures for the nitrone 
syntheses are followed by their cycloadditions in each case.
1. Synthesis of N-2,5-dlmethyl-3,4-diphenylcyclopentadienylidene 
methylamine Oxide 
Sodium (0.943g, 0.041g-atoms) was added in pieces to 82 ml of 
absolute ethanol under nitrogen, and then 11.3g (0.041 mole) of 2,5- 
dimethyl-3,4-diphenylcyclopentadienone oxime (46) was added. The magnet­
ically stirred solution was keept at room temperature, and 11.64g (0.082 
mol) of methyl iodide was added in one portion with a small rinse of 
absolute alcohol. The mixture was stirred for 48h, evaporated to dry­
ness, and the residue was extracted twice with 50 ml of chloroform to 
remove organic products. The chloroform extracts were combined and 
washed twice with 25 ml of water, dried over sodium sulfate, 
filtered, and then the solvent was evaporated at reduced pressure.




oxide, 48) 0.49 (oxime 46) and 0.77 (0-2,5-dimethyl-3,4-diphenylmethyl- 
cyclopentadienone oxime, 47).
Quantitative separation for each 4g of the sample was done by 
dry-column chromatrographic technique on 2 inch diameter 2 0 inch nylon 
columns containing 240g of 60-200 mesh silica gel (J. T. Baker 
Chemical Co.) preequilibrated by addition of 10% by weight of the 
mixed solvent used for development. The column was developed (25%,
1 elution), then the fractions were cut and the products were 
extracted with chloroform. The dry column was not efficient to 
separate the O-methyl oxime (47) and the oxime (46) . This separation 
was carried out by pic (25%, 1 elution) and about 1.10g (10%) of 
oxime 46 was isolated from the mixture as unreacted starting material. 
Overall yield of 48 and 47 was 8.497g (70%) from which 3.43g (-40%) 
was the nitrone 48, brownish-purple crystals, mp. 162-163°C, and 
5.067g(~60%) the O-alkylated oxime (47), orange crystals, mp. 124- 
126°C. Both compounds 48 and 47 were recrystallized from methanol.
Characterization of 48: Anal. Calcd. for C2 0H 19NO: C, 83.04;
H, 6.57; N, 4.84. Found: C, 83.19; H, 6.70; N, 4.72. Ms: M+ ,
289(28.8); 273(31.9); 272(100.0); 216(16.3); 215(31.7). Ir (HCC13) : 
3008cm-1(3.32p, s) ; 1520(6.58, s); 1300(7.69, s); 1200(8.33, s); 
1098(9.10, m); 1050(9.52, m) . Nmr (DCCl3) : 62.23(s, 3H); 2.27(s, 3H). 
On fourfold dilution of 0.5 mmol/g solution, these two peaks collapsed 
into a sharp singlet at 62.25(6H); 4.20(s, 3H); 6.82-7.40 (m, 10H).
Nmr (C6D6): 61.75(s, 3H); 2.56(s, 3H); 3.45(s, 3H); 6.90-7.31 (m,
10H) .
Characterization of 47: Anal. Calcd. for C2 0H 1 9NO: C, 83.04;
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H, 6.57; N, 4.84. Found: C, 83.12; H, 6.62; N, 4.75. Ms: M+ ,
289(100.0); 258(22.1); 257(42.0); 256(49.0); 243(19.4); 242(23.7); 
241(18.5); 240(15.6); 228(16.2); 215(46.7); 202(16.9). Ir (HCC13) : 
2941cm"1(3.40p, m ) ; 1563(6.40, w) ; 1422(7.03, w ) ; 1342(7.45, w ) ; 
1058(9.45, s); 1015(9.85, s); 989(10.11, s); 982(10.18, s); 912(10.96, 
m). Nmr (DCC13) : 61.97(s, 3H); 2.08(s, 3H); 4.02(s, 3H); 6.67-7.27 
(m, 1 0H ).
Synthesis of 2,5-Dimethyl-3,4-diphenylcyclopentadienone Oxime
A solution of 9.00g (0.0308 mole) of 2,5-dimethyl-3,4-diphenyl- 
cyclopent-2-ene-4~ol-l-one oxime, 45, in 300 ml absolute ethanol was 
heated to 60°. Ten drops of concentrated sulfuric acid were added, 
upon which an immediate orange color appeared. The solution was 
stirred for one hour at 60°, and then was concentrated to 1 0 0 m l , 
cooled to 0°, and filtered to give orange-brown crystals, = 0.49 
(25%, 1 elution), mp. 178-185°, 7.60g (90%). Sublimation at 100°/lmm 
gave orange prisms, mp. 182-184°.
Two recrystallizations from cyclohexane gave the pure (46),122 
orange prisms, mp. 183-184°C.
Characterization of 46: Anal. Calcd. for C 19H 1 7NO: C, 82.88;
H, 6.22; N, 5.09. Found: C, 83.00; H, 6.26; N, 5.17. Ms: M+ , 275
(100.0); 258(28.4); 256(16.3); 243(16.7); 215(23.3). Ir (CCl^): 
3636cm"1 (2.75y, w.) ; 3333(3.00, m) ; 3077(3.25, m) ; 2941(3.40, m) ; 
1493(6.70, w); 1429(7.00, m ) ; 1333(7.50, m ) ; 1075(9.30, w) ; 1053(9.50, 
m); 1031(9.70, m) ; 971(10.30, s); 952(10.50, s); 695(14.38, s).
Nmr (DCCI3) : 62.08(s, 3H) ; 2.27(s, 3H); 6.80-7.40(m, 11H).
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Synthesis of 2,5-Dimethy1-3,4-diphenyl-cyclopent-2-ene-4-ol-l-one 
Oxime
A solution of 20.Og (0.078 mole) 2,5-dimethyl-3,4-diphenyl- 
cyclopent-2-ene-4-ol-l-one (43), 12.Og (0.16 mole) hydroxylamine 
hydrochloride, and 20.Og (0.36 mole) potassium hydroxide in 300 ml 
of 70% aqueous ethanol was refluxed for 24 hours. Water (100 ml) 
was added, and the solution was cooled in ice and filtered to give 
a colorless solid, 21g (99%).
Recrystallization from carbon tetrachloride gave needles, mp. 
183-185°. Two recrystallizations from 95% ethanol gave the pure 
needles of (45)122, mp. 185-186°.
Characterization of 45: Anal. Calcd. for C 19H 1 9NO2 : C, 77.79;
H, 6.53; N, 4.78. Found: C, 77.62; H, 6.58; N, 4.65. Ms: M+ ,
293(7.8); 277(21.8); 276(100.0); 105(33.8); 77(30.4). Ir (CH2C12) : 
3636cm""1 (2.75y, s) ; 3333(3.00, w) ; 2924(3.42, w) ; 1063(6.24, w ) ; 
1490(6.71, w); 1323(7.56, m) ; 1250(8.00, m) ; 1070(9.35,m); 1005(9.95, 
m); 930(10.75, s) ; 889(11.25, m); 847(11.8, w) . Nmr (D3CCOCD3): 
S1.35(d, J = 7Hz, 3H); 1.90(s, 3H) ; 3.20(q, J = 7Hz, 1H); 7.00-7.50 
(m, 10H); 9.70(s, 1H).
Synthesis of 2,5-Dimethyl-3,4-diphenylcyclopent-2-ene-4-ol-l-one
This compound was prepared by condensation of benzil with 3- 
pentanone by the method of Allen and Van Allan.12  ̂ Under the 
condition of the reaction two geometric isomers are obtained in 80% 
overall yield. The major product (70%) is isomer 43 (methyl trans 
to phenyl) which is thermodynamically more stable (less crowded) and 
44 (30%) the minor product. The structures are assigned from the
148
Nmr spectrum1 values of 43 and 44 (35%, 1 elution) are 0.62 
and 0.51, respectively.
Nmr (DCCI3) , 43: 61.23(d, J = 7.5Hz, 3H); 1.95(s, 3H); 2.62(s,
1H); 2.72(q, J » 7.5Hz, 1H); 7.10-7.50(like s, 10H). Nmr (DCCI3),
44: 60.68(d, J - 7.5Hz, 3H); 1.97(s, 3H)j 2.90(s, 1H); 2.91(q,.
J = 7.5Hz, 1H); 7.10-7.50(like s, 10H).
The following adaptation of the Allen and Van Allen procedure1 2 5 
used by Houk1 2 2 was found to be most convenient. Benzil (105.Og,
0.50 mole) and 4.30g (0.5 mole) 3-pentanone were placed in a 500 ml 
round bottom flask fitted with condenser and immersed in a cold water 
bath. Ethanol (50 ml) was added followed by slow addition of 100 ml 
of 5% KOH in ethanol. The flask was slowly swirled in the water 
bath until complete solution had been obtained. After the exo­
thermic reaction subsided (<15 minutes), the condenser was removed 
and the flask was stoppered and placed in the refrigerator overnight. 
The resulting crystals were filtered off and washed with 25 ml cold 
80% ethanol to give colorless crystals, mp. 175-178°, 125.Og (85%). 
Further product could be obtained, albeit in lower purity, by 
concentration of the mother liquors. Recrystallization from sec- 
butanol gave colorless prisms, mp. 152-153°C (lit. 1 2 5 mp. 151°).
This reaction gave only isomer 43 and not any of 44.
2. Cycloadditions of N-2,5-Dimethyl-3,4-diphenylcyclopentadienylidene- 
methylamine Oxide
The small scale reactions were carried out by mixing a solution 
of 0.30 mmol of the nitrone 48 in 0.5g of DCCI3 with a solution of 
0.31 mmol of the dienophile in 0.25g of DCCI3 in nmr tubes sealed
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under nitrogen. Preparative scale reactions were carried out by 
mixing solutions of 1 . 2 0  mmol of the nitrone in 2 .0 g chloroform with 
1.20 mmol of the dienophile in l.Og of chloroform.
Attempts to react the nitrone with 1 ,1-dimethoxy ethylene (no 
reaction), N-phenyltriazolinedione (no reaction), 1-diethylamino- 
butadiene (decomposition of 48), and 1 ,1-dipiperidinoethylene 
(decomposition of 48) were unsuccessful.
A complete description of the experimental procedure is given 
for the preparative scale cycloadditions of ethyl propiolate, methyl 
acrylate, methyl vinyl sulfone, and styrene.
Reaction of Ethyl Propiolate and N-2,5-dimethy1-3,4-diphenylcyclo- 
pentadienylidenemethylamine Oxide
A 0.347g (1.20 mmol) quantity of nitrone 48 was dissolved in 
2.00g of HCCI3 , and 0.122g (1.24 mmol) of ethyl propiolate was 
dissolved in l.OOg of HCCI3 . The two solutions were mixed and left 
standing at room temperature in an ampoule sealed under nitrogen for 
5.5 h. Tic of the reaction mixture (25%, 1 elution, uv detection) 
revealed two main spots, = 0 (origin), 0.56. The spot at the 
origin did not move on silica gel, even with highly polar solvent 
like pure ethyl acetate. The entire reaction mixture was placed on 
a 20 x 40cm pic plate and eluted with 25% ethyl acetate cyclohexane 
solution. The desired fractions (R^ = 0, 0.56) were scraped from the 
plate, and the products having R^ values of 0 and 0.56 were extracted 
with methanol (150 ml) and chloroform (150 ml) respectively. After 
removal of methanol at reduced pressure, the product at the origin 
was passed through a short column of neutral alumina, using chloroform
150
as eluent, filtered and the solvent was removed at reduced pressure 
to give bright yellow solid, 0.12g (26%, based on nitrone). Attempts 
to recrystallize this solid from different solvents failed. In an 
attempt to get the melting point, the compound started to change color 
at 230°C from bright yellow to dark brown, then the brown material 
melted at 245-246°C.
The structure (120, R = Et) was assigned to this compound after 
analysis.
Characterization of 120 (R = Et): Anal. Calc, for C2 5H 2 5 NO3 :
C, 77.52; H, 6.46; N, 362. Found: C, 77.43; H, 6.65; N, 3.37.
Ms: M+ , 387(25.4); 359(32.6); 358(100.0); 330(36.2); 314(23.3);
284(20.6). Ir (HCCI3) : 2959cm-1(3.38y, m ) ; 1631(6.13, m ) ; 1550
(6.45, s); 1441(6.94, m ) ; 1351(7.40, m ) ; 1280(7.81, s); 1205(8.30, m ) ; 
1160(8.62, m); 1110(9.01, m ) ; 1060(9.43, m) ; 998(10.02, w ) . Nmr (DCCI3 ): 
61.30(t, J = 7.1Hz, 3H); 2.20(s, 3H); 2.50(s, 3H); 4.26(q, J = 7.1Hz,
2H); 4.28(s, 3H); 6.81-7.50(m, 10H); 9.65(s, 1H). Nmr (C6D6) : 61.28 
(t, 7Hz, 3H); 1.64(s, 3H); 2.40(s, 3H); 3.77(s, 3H); 4.43(q, J= 7Hz,
3H); 6.33-7.06(m, 10H), 10.50(s, 1H).
The fast moving fraction was a viscous oil, 0.29g (62%, based on 
nitrone). The nmr (DCCI3) spectrum of this compound was consistent 
with the 4-ethoxycarbonylisoxazolidine structure, 82 (R = Et). Nmr 
(DCCI3) , 82 (R = Et): 61.20(t, J = 7.1Hz, 3H); 1.96(s, 6H) ; 2.93
(s, 3H); 4.17(q, J = 7.1Hz, 2H); 6.89-7.41(m, 10H) ; 7.77(s, 1H).
Following the small scale reaction for both ethyl and methyl 
propiolate (for the case of latter cycloaddition is complete in 
45 min at 44°) by nmr spectroscopy revealed that only the 4-
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substituted adduct is being formed during the course of the reaction. 
The ratio of 82 (R = Et) to 120 (R = Et) at the end of the reaction 
(room temperature) by nmr spectroscopy was 90:10. This ratio was 
70:30 after separation of the products by pic (weighing) which means 
that the preparative layer chromatography was accompanied with some 
rearrangement, presumably due to silica gel.
The rearrangement of 82 to 120 was very fast at 70°C and it 
was completed within a few minutes.
Nmr (DCC13), 82 (R = Me) : 61.93(s, 6H ) ; 2.94(s, 3H) ; 3.70(s, 3H);
6.87-7.47(m, 10H); 7.75(s, 1H).
Characterization of 120 (R = Me): Anal. Calcd, for C2 4H 2 3 NO 3 :
C, 77.21; H, 6.17; N, 3.75. Found: C, 77.18; H, 6.23; N, 3.66. Ms:
M+ , 373(14.0); 345(25.4); 344(100.0). Ir (HCC13) : 2985cm"1(3.35y, m ) ; 
1647(6.07, s); 1558(6.42, s); 1429(7.00, s); 1357(7.36, m); 1287(7.77, 
s); 1176(8.50, m) ; 1111(9.00, m) ; 1062(9.42, m ) ; 974(10.27, w); 907 
(11.02, m). Nmr (DCCI3 ) : 52.18(s, 3H) ; 2.48(s, 3H) ; 3.77(s, 3H) ;
4.27(s, 3H); 6.80-7.38(m, 10H); 9.60(s, 1H).
Reaction of Methyl Acrylate and 2,5-Dimethyl-3,4-dipehylcyclopenta- 
dienylidenemethylamine Oxide
A 0.347g (1.20 mmol) quantity of nitrone 48 in 2.00g of HCCI3 , 
and 0.108g (1.25 mmol) of methyl acrylate in l.OOg of HCCI3 were 
mixed at room termperature and heated at 60° in a sealed ampoule 
under nitrogen for 48 h. Tic of the reaction mixture revealed one 
major spot (10%, 3 elution, uv detection), R^ = 0.59, and two minor 
spots with R^ = 0.49 and 0.76. Separation was carried out by using 
four 20 x 40 cm pic plates for entire mixture, and 380mg (84%) of
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the main product was isolated.
The nmr spectra revealed that this compound was the 4-substituted 
adduct (85). The fractions having Rf values of 0.49 and 0.76 were 
less than 12 mg. and were not characterized. Recrystallization of 
the main product from methanol gave colorless crystals, mp = 1 1 2 - 
114°C.
Characterization of 85: Anal. Calcd. for C2 4H 2 5 NO3 : C, 76.80;
H, 6.67; N, 3.73. Found: C, 76.79; H, 6.79; N, 3.56. Ms: M+ , 375
(100.0); 361(15.6); 360(55.0); 344(56.1); 316(21.8); 284(18.2); 274
(31.6); 273(20.9); 272(59.0); 271(21.0); 257(15.7); 255(20.7); 
241(20.6); 239(21.6); 228(17.4); 215(30.2). Ir (KBr): 2899cm” 1
(3.45y, m); 1718(5.82, s); 1471(6.80, m ) ; 1418(7.05, m ) ; 1200(8.33, 
s); 1017(9.83, m ) ; 826(12.10, m) ; 778(12.85, s); 763(13.10, m) ; 
714(14.00, m); 704(14.20, s). Nmr(DCCl3): 61.83(s, 3H); 1.91(s, 3H);
2.50(s, 3H); 3.54(s, 3H) ; 3.78(dd, J = 9.2Hz, J = 7.0Hz, 1H) ; 4.16 
(dd, J = 7.6Hz, J = 9.2Hz, 1H); 4.47(dd, J = 7.6Hz, J = 7.0Hz, 1H); 
6.67-7.28(m, 10H).
Reaction of Methyl Vinyl Sulfone and 2 ,5-Dimethyl-3,4-diphenylcyclo- 
pentadienylidenemethylamine Oxide
A 0.347g (1.20 mmol) quantity of nitrone 48 in 2.00g of HCCI3 
was added to 0.132g (1.25 mmol) of methyl vinyl sulfone in 1.00 g 
of HCCI3 , and the mixture was heated in a sealed ampoule under 
nitrogen for five days at 60°. Two main fractions having R^ values 
of 0.46 (4-substituted adduct, 89), 280 mg (60%) and 0.56 (5- 
substituted adduct, 8 8 ), 190 mg (40%) were Isolated by using six 
20 x 40cm pic plates (25%, 3 elution, uv detection) for the entire
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mixture. The ratio of 4- to 5- substituted adducts measured by 
nmr spectroscopy was 63 : 37. This ratio was almost the same by 
weighing the adducts after the separation. Compounds 89 and 8 8  
were recrystallized from methanol to give colorless crystals of 89, 
mp. = 129-130°, and 8 8 , 176-177°.
Characterization of 89: Anal. Calcd. for C2 3H 2 5 NO 3S: C, 69.87;
H, 6.33; N, 3.54. Found: C, 69.85, H, 6.42; N, 3.37. Ms: M+ ,
395(6.6); 377(15.4); 317(17.6); 316(65.8); 298(16.3); 286(19.6); 273
(15.3); 272(37.9); 271(100.0); 256(15.9); 241(15.2). Ir (HCCI3 ) : 
2874cm” 1(3.48y, w); 1495(6.69, w) ; 1443(6.93, w ) ; 1314(7.61, s); 1144 
(8.74, s) ; 980(10.20, w) ; 956(10.46, w) . Nmr (DCCI3 ) : <S1.82(s, 3H) ; 
2.12(s, 3H); 2.49(s, 3H) ; 2.70(s, 3H) ; 4.25-4.55(m, 3H); 6.62-7.25 
(m, 10H).
Characterization of 8 8 : Anal. Calcd. for C2 3 H 2 5 NO3S: C, 69.87;
H, 6.33; N, 3.54. Found: C, 69.65; H, 6.26, N, 3.35. Ms: M+ , 395
(20.3); 316(43.4); 300(19.4); 299(16.2); 298(15.5); 287(45.4); 286
(100.0); 284(15.3); 273(21.7); 272(34.7); 271(20.8); 258(17.3); 257
(17.4); 215(19.2). Ir (HCCI3) : 2857cm"1(3.50y, w ) ; 1600(6.25, w ) ; 
1484(6.74, w); 1413(6.99, m ) ; 1311(7.63, s); 1299(7.70, s); 1290(7.75,
s); 1143(8.75, s); 1124(8.90, s); 1105(9.05, m ) ; 1081(9.25, m ) ; 1060
(9.43, m); 1000(10, w ) ; 942(10.62, s); 915(10.93, w) ; 840(11.90, w ) . 
Nmr (DCCI3) : 61-92(s, 3H); 2.00(s, 3H); 2.64(s, 3H); 2.70(dd, J =
14.0Hz, J = 9.0Hz, 1H); 3.06(s, 3H); 3.27(dd, J = 14.0Hz, J = 6.0Hz, 
1H); 5.08(dd, J= 9.0Hz, J = 6.0Hz, 1H); 6.75-7.39(m, 10H).
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Reaction of Styrene and 2,5-Dimethy1-3,4-diphenyIcyclopentadienylidene-
methylamine Oxide
At room temperature under nitrogen a solution of 0.348g (1.20 
mmol) of nitrone 48 in 2.00g of HCCI3 was mixed with a solution of 
0.499g (4.80 mmol) of styrene in l.OOg of HCCI3 (sealed ampoule).
The mixture was heated at 75°C for five days. Two main fractions 
having values of 0.70 and 0.62 were isolated on a 20 x 40cm pic 
plate (25%, 1 elution, uv detection) in 20% overall yield. The nmr 
spectra and analysis revealed that the latter fraction was the 4- 
substituted adduct 91, mp. = 44-46°C.
Characterization of 91: Anal. Calcd for C2 8H 2 7 NO: C, 85.50;
H, 6.87; N, 3.56. Found: C, 85.35; H, 6.77; N, 3.52. Ms: M+ ,
393(51.5); 378(18.9); 375(24.7); 362(18.4); 360(18.5); 289(16.2); 
273(30.4); 272(100.0). Ir (HCCI3) : 2899cm"1(3.45y, s); 1934(5.17, w ) ;
1869(5.35, w ) ; 1739(5.75, m) ; 1681(5.95, s) ; 1587(6.30, s) ; 1481 
(6.75, s); 1429(7.00, s) ; 1366(7.32, w) ; 1325(7.55, m ) ; 1087(9.20, 
m); 1073(9.32, m ) ; 1020(9.80, m) ; 952(10.5, w) ; 917(10.90, w ) ; 800 
(12.5, m). Nmr (DCCI3 ) : 61.73(s, 3H); 2.07(s, 3H); 2.68(s, 3H) ;
4.17-4.81(m, 3H); 6.50-7.50(m, 10H).
The fraction on R^ value of 0.70 was the impure 5-substituted 
adduct 90 which was freed from the impurities by the use of a 40 x 20 
cm pic plate (3%, 2 elution, uv detection) to give the pure adduct 90, 
R^ = 0.15, mp. = 55-57°C.
The ratio of the 4- to 5-substituted adduct was 65:35 by nmr 
spectroscopy carried out on the crude reaction mixture. Both compounds 
were yellowish solids and could not be recrystallized from different
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solvents.
Characterization of 90: Anal. Calcd. for C2 8H 2 7NO: C, 85.50;
H, 6.87; N, 3.56. Found: C, 85.42; H, 6 .6 6 ; N, 3.35. Ms: M+ ,
393(48.6); 378(14.4); 287(24.4); 286(41.0); 273(24.9); 272(100.0); 
215(20.9); 199(22.2); 100(23.7). Ir (HCC13) : 2399cm"1(3.45y, s);
1942(5.15, w); 1880(5.32, w) ; 1754(5.70, m ) ; 1681(5.95, s); 1595(6.27, 
m); 1481(6.75, s); 1439(6.95, s) ; 1263(7.92, w ) ; 1075(9.30, m) ; 952 
(10.50, w); 916(10.92, w) ; 864(11.57, w). Nmr (DCCI3 ) : 61.94(s, 3H); 
2.08(s, 3H); 2.55(dd, J = 12.5Hz, J = 7.5Hz, 1H); 2.67(s, 3H) ; 2.88 
(dd, J = 12.5Hz, J » 8.5Hz, 1H); 5.27(dd, J = 8.5Hz, J = 7.5Hz, 1H);
6.79-7.58(m, 10H).
3. Attempted Synthesis of N-3,4-diphenylcyclopentadienylidenemethyl- 
amine Oxide
Treatment of N-3,4-diphenyl-4-ol-cyclopentenylidenemethylamine 
oxide (50) with sulfuric or hydrochloric acid in ethanol resulted the 
hydrolysis and dehydration of the nitrone 50 to the dimer of 3,4- 
diphenylcyclopentadienone rather than N-3,4-diphenylcyclopentadien­
ylidenemethylamine oxide (51).
Synthesis of N-3,4-Diphenyl-4-ol-cyclopentenylidenemethylamine Oxide 
Metallic sodium (0.644g, 0.028g-atom) was added to 14ml of 
absolute ethanol under nitrogen, and then a solution of 1 .0 0 2 g 
(0.012 mole) of N-methylhydroxylamine hydrochloride in 10 ml absolute 
ethanol was added. To this mixture, 2.00g (0.008 mole) of 3,4- 
diphenyl-4 -ol-cyclopentenone (49) in 120 ml ethanol was added 
dropwise. After stirring for 1 h at room termperature, the solvent
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was evaporated and the resulting yellow solid was washed twice with 
25 ml water and was then recrystallized from methanol to give almost 
very pale yellow needles (1.90g, 85% yield) of stereoisomeric N-3,4- 
diphenyl-4-ol-cyclopentenylidenemethylamine oxide (50), mp. = 219- 
221°C. This nitrone had a very low solubility in organic solvents, 
including DMSO and methanol.
Characterization of 50 (mixture of two stereoisomers): Anal.
Calcd. for C 18H 1 7NO2 : C, 77.42; H, 6.09; N, 5.02. Found: C, 77.27;
H, 6.04; N, 4.89. Ms: M+ , 279(23.2); 263(39.9); 262(100.0); 191
(16.6); 105(22.8); 77(22.5). Nmr (C6D 6 /DMSO-d6) : 63.16(d, J = 19.0Hz, 
1H); 3.20(d, J = 19.0Hz, 1H) ; 3.39(d, J = 19.0Hz, 1H); 3.43(d, J = 
19.0Hz, 1H); 3.65(s, 3H); 3.88(s, 3H); 6.60(s, 2H); 7.15-7.90(m, 20H).
Synthesis of 3,4-Diphenyl-4-ol-cyclopentenone
Benzil (21g, 0.1 mole) and 11.6 g of acetone (0.2 mole) were 
added to 250 ml of 0.5% absolute alcoholic potassium hydroxide. The 
reaction mixture was allowed to stand at room temperature until 
all the benzil had reacted (~3 days, checked by tic). At the end 
of the reaction (brown-red solution) 250 ml of water was added to the 
mixture, and the precipitated cyclopentadienone was separated by 
filtration and then recrystallized from benxene to give lOg of pure 
4g yellow prisms (40% yield), mp. = 140-141°C.
Characterization of 49123: Anal. Calcd. for C ^ H m ^ :  C, 81.60;
H, 5.60. Found: C, 81.51; H, 5.32. Ms: M+ , 250(100.0); 249(55.7);
222(15.4); 145(19.3); 131(57.1); 105(93.7); 103(15.4); 102(75.7); 
91(18.8); 78(28.1); 77(66.1); 76(19.0). Nmr (DCCI3) : 62.92(almost
a singlet, 2H); 3.35(broad absorption, 1H); 6 .6 6 (s, 1H); 7.18-7.68
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(m, 10H).
Reaction of Methyl Propiolate and N-3,4-Diphenyl-4-olcyclopenten- 
ylidenemethylamine Oxide
A solution of 170 mg (0.6 mmol) of the nitrone 50 and 50 mg
(0 . 6  mmol) of methyl propiolate in a minimum amount of methanol
was kept at room temperature under nitrogen for 5 days. Only 5- 
substituted isoxazoline 84 could be isolated by pic, = 0.67 (35%,
1 elution, uv detection), from the reaction mixture in 15% yield.
Nmr (DCC13) : S2.37(d, J = 15.7Hz, 1H); 2.87(d, J = 15.7Hz, 1H); 2.90
(s, 3H); 3.65(s, 3H); 5.83(s, 1H); 6.20(s, 1H); 6.90-7.59(m, 10H).
4. Attempted Synthesis of N-2,4-Di-t-butvlcvclopentadienvlidenemethvl- 
amine Oxide
The procedure used for the synthesis of N-3-t-butylcyclopentadien- 
ylidenemethylamine oxide, 57 (treatment of the t-butylcyclopenta- 
dienylsodium with isoamyl nitrite followed by addition of methyl 
iodide) was first attempted for 1,3-di-t-butylcyclopentadiene. The 
reaction gave only 0-2,4-di-t-butylmethylcyclopentadienone oxime (54) 
as yellow-orange oil in 90% yield, R^ = 0.86 (25%, 1 elution), but 
none of the desired N-2,4-di-t-butylcyclopentadienylidenemethylamine 
oxide (52).
Characterization of 54: Anal. Calcd. for C 14H 2 3NO: C, 76.02;
H, 10.41; N, 6.33. Found: C, 75.73; H, 10.64; N, 6.01. Ms: M+ ,
221(42.8); 210(100.0); 206(26.3); 191(20.1); 176(24.8); 165(44.6); 
161(21.0); 160(40.7); 150(68.6); 149(47.6); 137(24.0); 135(22.2); 
134(82.3); 133(28.7); 132(24.5); 121(20.1); 109(37.7); 105(24.5);
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100(46.7); 97(29.9); 91(28.1); 85(32.0); 83(36.8); 81(25.2); 79(21.9); 
77(25.7); 73(49.4); 71(28.1); 69(34.7); 67(20.1); 57(91.3); 55(26.3); 
43(31.1); 41(44.6); 32(24.0); 29(32.0); 18(54.5); 17(25.2).
In this case fragments which have abundances greater than 20% of 
the base peak are given. Ir (HCCI3) : 2941cm 1(3.40y, s); 1600(6.25,
m); 1477(6.77, s); 1460(6.85, s); 1389(7.20, w) ; 1366(7.32, s); 1325 
(7.55, w); 1250(8.00, m ) ; 1045(9.57, s); 895(11.17, s); 851(11.75, s). 
Nmr (DCCI3) : 61.13(s, 9H); 1.25(s, 9H); 4.04(s, 3H); 5.87(d, J =
2.0Hz, 1H); 6.12(d, J = 2.0Hz, 1H).
5. Attempted Synthesis of N-Cyclopentadienylidenemethylamine Oxide 
Cyclopentadienylsodium (prepared from freshly distilled cyclo- 
pentadiene plus excess EtONa in EtOH) was treated with equimolar amount 
of isoamyl nitrite followed by addition of methyl iodide at 0°C.
Within a few minutes the mixture became almost black. None of the 
desired N-cyclopentadienylidenementylamine oxide (10) could be 
isolated from this mixture. Apparently the nitrone is formed but 
then it undergoes unknown reaction(s).
Synthesis of t-Butylcyclopentadiene
To a mixture of 15.Og (0.6 mol) magnesium turnings in ca. 100 ml 
dry ether, 65.5g (0.6 mol) of ethyl bromide in 125 ml of dry ether 
was added. The mixture was stirred vigorously with a mechanical 
stirrer such that the reaction mixture weakly boiled. Some heating 
is required to initiate the reaction. After completion of addition, 
the mixture was refluxed for 15 minutes until magnesium had all 
dissolved, after which 33.Og (1.0 mol) freshly distilled cyclopenta-
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diene was added dropwise. The reaction mixture was refluxed for 14 h, 
then cooled and maintained between 20-25°C by an ice bath as 69.5g 
of t-butyl chloride was added dropwise. The reaction mixture was kept 
at room temperature for 13 hours, and was then poured into ice water 
(200 ml)-ammonium chloride (15g) solution. The organic phase was 
separated and dried over magnesium sulfate. After evaporation of 
the solvent by rotary evaporator the residue was fractionally 
distilled to give 30.3g (50%) of t-butylcyclopentadiene1 2 6 [Nmr (CCI4 ) : 
61.14(s, 9H) ; 2.83(m, 2H); 5.80-6.65(m, 3H)] bp. 30-35°C at 14mmHg.
The forerun was about 2.5g, bp. 20-29°C at 14mmHg.
Synthesis of 1,3-di-t-butylcyclopentadiene
To a mixture of 7.38g (0.3 mol) magnesium turnings in ca. 50 ml 
dry ether, 32.2g (0.3 mol) of freshly distilled ethyl bromide in ca.
62 ml of dry ether was added with intense mechanical stirring at 
such a rate that the reaction mixture weakly boiled. After completion 
of addition the mixture was refluxed for 15 minutes until magnesium 
had all gone in solution. During one hour, 30g (0.246 mol) freshly 
distilled t-butylcyclopentadiene was added. The very slow reaction 
was continued until no ethane was evolved through the bubbler. This 
took almost three days. Then 27.3g (0.295 mol) freshly distilled 
t-butylchloride was added to the turbid solution in the course of 
three hours under cooling so that the temperature remained between 
20-25°C. The mixture was stirred at this temperature for 18 hours.
Some precipitate formed at the beginning of the reaction (~2-3 h) and 
turned to a crystalline material at the end. The reaction mixture 
was poured in an ice water ( 1 0 0 ml)-ammonium chloride (8 g) solution.
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The organic compounds were extracted by ether, combined and dried 
over magnesium sulfate. After evaporation of the solvent on a 
rotary evaporator, 1,3-di-t-butylcyclopentadiene1 2 6 [Nmr (CCli+) : 
61.15(m, 18H); 2.80(m, 2H); 5.72(m, 0.72H); 5.92(m, 0.56H); 6.15(m, 
0.72H)] was isolated by fractional distillation. The yield was 
17.36g (40%) of material boiling in the range 77°-83°C at 14mmHg.
The forerun of the distillation (~2.0g) was the unreacted t-butyl- 
cyclopentadiene, bp. 30-35°C at the 14mmHg. About 12.5g of another 
substance was obtained at temperatures higher than the b.p. of 1,3- 
di-t-butylcyclopentadiene. No attempt was made to characterize this 
compound(s).
6 . Synthesis of N-3-t-Butylcyclopentadienylidenemethylamine Oxide 
Sodium (0.345g, 0.015g-atom) was reacted with 36 ml of absoltue 
ethanol under nitrogen. After cooling the solution to 0°C, 0.915g 
(0.0075 mole) of 3-t-butylcyclopentadiene in 2 ml of ethanol was 
added dropwise, followed by the addition of 0.877g (0.0075 mole) of 
isoamyl nitrite in 2 ml of ethanol. The mixture was stirred at 0°C 
for 4 h until tic showed only one spot, = 0.46 (25%, 1 elution, 
uv detection). Then methyl iodide (5.32g, 0.0375 mole) was added 
in one portion to the yellow solution. The mixture gradually changed 
color from yellow to red. After about 10-15 minutes, 20 ml water 
was added and the organic compounds were extracted twice with 
dichloromethane. The reaction should not be allowed to continue 
more than 15 minutes otherwise the nitrone is destroyed, probably via 
methylation of its oxygen. The organic extracts were combined and 
dried over Na2 S0 i,, filtered, and the solvent was removed by rotary
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evaporator. Separation of products was carried out on a 20 x 40 cm 
pic plate (25%, 1 elution) and N-3-t-butylcyclopentadienylidene- 
methylamine oxide (57) and 0-3-t-butylmethylcyclopentadienone oxime 
(56) were isolated (R^ = 0.08 and 0.66, respectively) as red (or 
dark orange) and yellow oils in 80:20 ratio and overall yield of 2 0 % 
based on t-butylcyclopentadiene.
The Nmr spectrum of 57 revealed that it was a mixture of Z(57b) 
and E(57a) isomers. These isomers were not separated but their ratio 
was determined by Nmr spectroscopy to be 60:40.
Characterization of a mixture of 57a and 57b: Anal. Calcd. for
c 10h 15NO: c > 72.73; H, 9.09; N, 8.48. Found: C, 72.67; H, 9.12; N,
8.33. Ms: M+ , 165(67.2); 150(100.0); 148(29.1); 133(17.4); 132(20.9);
108(38.0); 107(17.9); 106(17.3); 105(30.4); 91(18.3); 69(17.0); 77
(21.4). Ir (HCC13) : 2964cm“1(3.37y, s); 1567(6.38, s); 1464(6.83, m) ;
1350(7.40, s); 1296(7.72, s) ; 1200(8.33, s); 1127(8.87, m) , 888(11.26, 
s). Nmr (DCCI3) , 57b: 61.19(s, 9H); 3.98(s, 3H) ; 6.23(dd, J = 5.6Hz,
J = 2.0Hz, 1H); 6.30(dd, J = 2.0Hz, J = 2.0Hz, 1H); 6.45(dd, J = 5.6Hz, 
J = 2.0Hz, 1H). Nmr (DCCI3), 57a: 61.20(s, 9H); 3.98(s, 3H); 5.83 
(dd, J = 2.0Hz, J = 2.0Hz, 1H); 6.55(dd, J = 5.6Hz, J = 2.0Hz, 1H); 
6.63(dd, J = 5.6Hz, J = 2.0Hz, 1H).
Similarly the Nmr of 56 showed a mixture of Z(56b) and E(56a) 
isomers in ratio of 54:46.
Characterization of a mixture of 56a and 56b: Anal. Calcd. for 
c 10h 15NO: c » 72.73; H, 9.09; N, 8.48. Found: C, 73.01, H, 8.90;
N, 8.33. Ms: M+ , 165(82.8); 150(69.0); 134(69.7); 133(24.9); 132
(30.8); 118(25.8); 117(15.7); 107(37.6); 105(20.9); 92(16.8); 91(31.2);
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85(18.3); 83(20.9); 79(15.9); 77(27.3); 73(100.0); 57(15.5); 28
(37.8); 18(40.2). Ir (HCC13) : 2924cm"1(3.42y, s); 1754(5.70, w ) ; 
1595(6.27, w); 1456(6.87, m ) ; 1357(7.37, m ) ; 1333(7.50, w) ; 1195 
(8.37, w); 1091(9.17, w ) ; 1045(9.57, s); 1018(9.82, m ) ; 899(11.12, s); 
887(11.27, s); 822(12.17, m) . Nmr (DCC13), 56b: 61.19(s, 9H); 4.08
(s, 3H); 6.00(dd, J = 2.0Hz, J = 2.0Hz, 1H); 6.20(dd, J = 5.9Hz, J = 
2.0Hz, 1H); 6.60(dd, J = 5.9Hz, J = 2.0Hz, 1H) . Nmr (DCC13) , 56a:
61.18(s, 9H); 4.00(s, 3H) ; 5.78(dd, J = 2.0Hz, J - 2.0Hz, 1H); 6.36 
(dd, J = 5.9Hz, J = 2.0Hz, 1H); 6.66(dd, J = 5.9Hz, J = 2.0Hz, 1H).
7. Cycloadditions of N-3-t-Butylcyclopentadienylidenemethylamine 
Oxide
The reactions were attempted under nitrogen in sealed nmr tubes 
by mixing solutions of 0.6 mmol (99 mg) of the nitrone 57 in 0.25g 
of DCC13 and 0.6 mmol of alkene or alkyne in 0.25g of DCC13. The 
reactions were followed by nmr spectroscopy at room or higher 
temperatures.
Only methyl propiolate reacted cleanly to give the corresponding 
isoxazoline. The reaction of the nitrone with methyl acrylate 
apparently yielded a complex mixture of the 1:2 adducts of geometric 
isomers. Efforts to react the nitrone with phenyl vinyl sulfone, 
methyl vinyl sulfone, styrene, ethoxyacetylene, and ethyl vinyl ether 
were unsuccessful; heating the reaction mixtures at 70° for a few 
days resulted in disappearance of the starting materials; the 
fractions from each reaction mixture were isolated by pic; the nmr 
spectrum of these fractions revealed that there was no adduct 
formation.
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Reaction of Methyl Propiolate and N-3-t-Butylcyclopentadienylidene- 
methylamine Oxide
After 5 days at room temperature, the reaction went to 85% 
completion and gave only the 4-substituted yellowish, oily adduct 83 
in 80% yield (based on the nitrone consumed), = 0.45 (25%, 1 
elution, uv detection).
Characterization of 83: Anal. Calcd. for C 14H 1 9NO 3 : C, 67.47;
H, 7.63; N, 5.62. Found: C, 67.23; H, 7.62; N, 5.55. Ms: M+ ,
249(13.6); 234(18.2); 218(21.4); 192(58.8); 191(24.2); 190(100.0);
189(90.9); 175(25.8); 174(40.7); 163(18.8); 160(27.0); 149(31.3);
148(18.6); 146(21.9); 134(20.5); 132(21.9); 105(17.8); 91(18.1);
77(28.7) ; 57(16.6); 41(16.0) ; 18(23.4). Ir (HCCI3) : 2899cm_1(3.45y,
s); 1704(5.87, s); 1608(6.22, s) ; 1456(6.87, m ) ; 1435(6.97, s); 
1366(7.32, m); 1333(7.50, s); 1282(7.80, w ) ; 1149(8.70, s); 1111(9.00, 
s); 897(11.15, m). Nmr (DCCI3) : 61.15(s, 9H) ; 2.78(s, 3H) ; 3.60(s,
3H); 5.80(dd, J = 2.2Hz, J = 1.5Hz, 1H); 6.28(dd, J = 5.5Hz, J = 2.2 
Hz, 1H); 6.39(dd, J = 5.5Hz, J = 1.5Hz, 1H); 7.55(s, 1H).
A sample of the isoxazoline 83 in deuterated chloroform was 
heated in an nmr tube under nitrogen at 70°. After 6 days, the N-Me 
singlet of the isoxazoline at 62.78 had disappeared. The rearrange­
ment product (122) was isolated (the origin, 25%) on a pic plate 
and then further purified by filtering through a micro-column of 
neutral alumina using chloroform as eluent. The azomethine ylide 122 
was yellow oil which might be a mixture of geometric isomers.
Characterization of 122: Ms: M+ , 249(56.5); 232(15.3); 218
(23.4); 206(36.3); 200(18.5); 191(19.4); 190(100.0); 189(24.2); 
175(18.5); 174(55.6); 163(28.2); 148(28.2); 146(23.4); 81(17.7);
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67(15.3). Nmr (DCC13) : 61.37(s, 9H); 3.78(s, 3H); 4.10(s, 3H);
8.00(s, 3H); 9.65(s, 1H).
Reaction of Methyl Acrylate and N-3-t-Butylcyclopentadienylidene- 
methylamine Oxide
The reaction was carried out for six days at 70°C and apparently 
gave a complex mixture of the various stereo and regioisomeric 1 : 2  
adducts of 8 6 in ~8 % yield. These isomers could not be separated by 
tic, = 0.39 (35%, 1 elution, uv detection).
Characterization of 8 6 : Anal. Calcd. for C 18H 2 7 NO5 : C, 64.09;
H, 8.01; N, 4.15. Found: C, 63.78; H, 7.82; N, 3.86. Ms: M+ ,
337(36.5); 322(26.2); 306(6.6); 280(11.3); 279(20.4); 278(90.0); 
192(14.4); 84(100.0); 57(20.0); 56(21.2). Nmr (DCC13) : 61.04 and
I.05(strong singlets); 2.30-2.65(many singlets over a complex multi- 
plet); 3.55-3.80(many singlets over a multiplet); 5.50(broad 
absorption).
8 . Synthesis of C-Cyclopropyl-N-methyl Nitrone
Cyclopropanecarboxaldehyde (2.1g, 0.03 mol) was suspended in 2N 
sodium hydroxide (17.50 ml), and N-methylhydroxylamine hydro­
chloride1 11+3>* (2.51g, 0.03 mol) in 6.25 ml of water was added.
After shaking the solution for five minutes, the aldehyde disappeared
*N-methylhydroxylamine hydrochloride1 2 7 can be synthesized by 
reduction of nitromethane with zinc dust in aqueous ammonium chloride 
solution. It can be used without isolation8 8 ’1 2 8 since the isolation is 
exceedingly difficult. Hydrolysis of C,C-diphenyl-N-methyl nitrone 
with HC1 also gives the isolable salt of the amine. 1 2 8 The 
free methylhydroxy1 amine1 2 8 is obtained by distilling the salt from 
KOH pellets.
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in an exothermic reaction. The product was extracted four times with 
2 0 ml portions of chloroform, and the solvent was removed at reduced 
pressure to give 2.7g (90% yield) of nitrone 37 as an almost colorless 
oil. The compound was very susceptible to hydrolysis.
Characterization of 37: Ms: M+ , 99(53.1); 84(100.0); 82(17.7);
69(18.2); 68(57.1); 67(15.9); 53(23.3); 45(15.1); 42(93.7); 41(35.4); 
39(45.5). Ir (HCC13) : 2972cm"1(3.36y, s); 1622(6.16, m ) ; 1320(7.57,
m); 1202(8.32, s); 1135(8.81, s); 965(10.36, m) ; Nmr (DCCI3 ) : 60.52-
1.27(m, 4H); 1.97-2.54(m, 1H); 3.66(s, 3H); 6.32(d, J = 8.3Hz, 1H).
Cyclopropanecarboxaldehyde also reacted with t-butylhydroxylamine* 
in chloroform to give C-cyclopropyl-N-t-butylnitrone in 70% yield.
Nmr (DCCI3) : 60.42-1.19(m, 4H); 1.46(s, 9H); 1.92-2.65(m, 1H); 6.22
(d, J = 8.0Hz, 1H).
Synthesis of Cyclopropanecarboxaldehyde
The general procedure described by Corey and Suggs1 3 2 for 
oxidation of primary and secondary alcohols was used in this 
preparation.
In a 500 ml round-bottomed flask fitted with a reflux condenser, 
32.3g (150 mmol) of pyridinium chlorochromate was suspended in 200 ml 
of anhydrous dichloromethane. Cyclopropylcarbinol114a (7.2g, 100 
mmol) in 20 ml of CH2CI2 was added in one portion to the magnetically 
stirred solution. After 1.5 h, 200 ml of dry ether was added and the
*t-Butylhydroxylamine,1 3 0 mp. = 64-65°, nmr (DCCI3) : 61.11(s,
9H); 6.22(bs, 2H), was prepared by reduction of t-nitrobutane131 with 
zinc dust in aqueous ammonium chloride solution.
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supernatant solution was decanted from the black gum. The insoluble 
residue was washed thoroughly three times with 50 ml portions of 
anhydrous ether whereupon it became a black granular solid. The 
combined organic solution was passed through a short pad of florisil, 
and the solvent was removed at atmospheric pressure by distillation 
through a short Vigreaux column. Further distillation of the residual 
oil gave 4.55g (65% yield) of the aldehyde, colorless oil, bp. = 97- 
98° at 760mm. Nmr (DCC13) : 61.02(s, 1.50H); 1.14(s, 2.50H); 1.55-
2.12(m, 1H); 8.97(d, J = 5.7Hz, 1H).
9. Cycloadditions of C-Cyclopropy1-N-methylnitrone
Small scale cycloadditions were carried out in nmr tubes sealed 
under nitrogen using solutions of 0.76 mmol quantities of each 
reactants in 0.25g of DCCI3 . Preparative scale reactions were carried 
out in sealed ampoules under N 2 by mixing solutions of 3.1 mmol of 
the nitrone and the dineophile each in 2 .0 g of chloroform.
In some cases the stereoisomers could not be separated from each 
other, and in almost all cases the adducts had rather a complicated 
nmr spectra. By the use of Bruker WP-200 spectrometer and double 
resonance experiments, the chemical shifts and coupling constants of 
almost all protons could be assigned, even when the sample consisted 
of more than one compound. The nmr spectra of few adducts had broad 
absorptions at room temperature and it was difficult to interpret 
the spectra. By obtaining the spectra at higher temperatures (42—
45°C) this problem was overcome.
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Reaction of Ethyl Propiolate and C-Cyclopropyl-N-methylnitrone
The cycloaddition was over in 10 minutes at 44°C and gave both 
the 4- (99), = 0.52 (25%, 1 elution, uv detection) and 5-substi-
tuted (98), R^= 0.52 (25%, 2 elutions, uv detection) isoxazolines as 
yellowish oils in 92% overall yield and a ratio of 80:20 measured by 
nmr spectroscopy.
Characterization of 99: Anal. Calcd. for C 1 0H 1 5NO3 : C, 60.91;
H, 7.61; N, 7.11. Found: C, 60.75, H, 7.52; N, 7.20. Ms: M+ ,
197(34.9); 168(24.3); 156(100.0); 140(17.3); 128(48.9); 110(30.9); 
96(20.6); 94(35.3); 85(20.6); 83(23.5); 82(26.5); 42(22.1); 29(20.6); 
28(40.1). Ir (HCCI3) : 3030cm"1(3.30y, m ) ; 1704(5.87, s); 1626(6.15,
s); 1449(6.90, w) ; 1376(7.27, m ) ; 1339(7.47, s); 1099(9.10, s) ; 1020 
(9.80, s). Nmr (DCCI3 ) : 60.24-0.62(m, 4H); ~0.80-1.37(m, 1H);
I.30(t, J = 7.1, 3H); 2.74(s, 3H); 3.63(dd, J - 6.0, J = 1.5, 1H);
4.27(q, J = 7.1, 2H); 7.39(d, J = 1.5Hz, 1H).
Characterization of 98: Anal. Calcd. for C 1 0H 1 5NO3 : C, 60.91;
H, 7.61; N, 7.11. Found: C, 60.68; H, 7.37; N, 6.93. Ms: M+ ,
197(13.6); 156(100.0); 128(65.3); 96(40.1); 42(16.0). Ir (HCCI3 ) : 
3012cm"1(3.32y, m ) ; 1718(5.82, s); 1639(6.10, s); 1456(6.87, m ) ; 
1370(7.30, s); 1316(7.60, s); 1250(8.00, s); 1170(8.55, m) ; 1109(9.02, 
s); 1020(9.80, s); 942(10.62, m ) ; 866(11.55, m ) . Nmr (DCCI3) : 60.18-
0.67(m, 4H); ~0.75-1.41(m, 1H); 1.33(5, J = 7.1 Hz, 3H); 2.83(s, 3H); 
3.43(dd, J = 7.0Hz, J =  2.6Hz, 1H) ; 4.30(q, J = 7.1Hz, 2H); 5.80(d,
J = 2.6Hz, 1H).
Samples of the isoxazolines 98 and 99 in deuterated chloroform 
were heated in nmr tubes under nitrogen at 70°C. After 40 h, the
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N-CH(Cp) doublet of doublet of the isoxazoline §§ at 63.63 and the 
isoxazoline 98 at 63.43 had disappeared. The heating mostly caused 
the generation of cyclopropanecarboxaldehyde probably due to hydrolysis 
of C-cyclopropy1-N-methy1 nitrone produced by the initial retro 1,3- 
dipolar reaction of the isoxazolines 98 and 99.
Reaction of Methylacrylate and C-Cyclopropyl-N-methyl Nitrone
After about 2 h at 63° the reaction gave all four regio or 
stereoisomers in 72% overall yield as yellowish oils. The ratio of 
4-substituted cis and trans (94b and 95b) to 5-substituted cis and 
trans (92b and 93b) adducts was 22:78. All four isomers moved 
together as a single spot on tic, = 0.63 (75%, 1 elution, I2 
detection), even with various solvent or mixed solvents as eluent, 
so that the isomers could not be separated from each other by this 
means.
Characterization of a mixture of 92b, 93b, 94b and 95b: M+ ,
185(33.7); 144(91.1); 130(21.6); 99(18.6); 84(100.0); 82(21.4); 
79(16.5); 68(19.7); 42(19.8). Ir (HCC13) : 2945cm"1(3.39y, m ) ;
2845(3.51, m); 1735(5.76, s); 1440(6.94, m ) ; 1295(7.72, m ) ; 1025(9.76, 
m ) . Nmr (DCCI3) : 60.08-0.88(m); 1.75-1.8 8 (broad absorption);
2.00-2.15(broad absorption); 2.40(m); 2.65(s); 2.70(s); 2.70(m which 
overlaps with the singlets at 2.65, 2.70, 2.73, and 2.76); 2.73(s); 
2.76(s); 3.25(should be ddd, looks like a q, J = 7.0Hz); 3.53(ddd,
J = 8 .6Hz, J = 8 .6Hz, J = 7.8Hz); 3.65(s); 3.70(s); 3.73(s); 3.76(s);
4.03-4.25(m); 4.46(dd, J = 9.3Hz, J = 6.0Hz); 4.53(dd, J = 7.9Hz,
J = 6.4Hz).
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Reaction of Acrylonitrile and C-Cyclopropyl-N-methylnitrone
After 2.5 h at 63° the reaction gave both the 4- and 5-sub- 
stituted adducts as yellowish oils in 75% overall yield and ratio of 
37:63. All four possible regio and stereoisomers were formed in this 
cycloaddition. Tic (75%, 1 elution, I2 detection) of the reaction 
mixture had three major spots with values of 0.80, 0.70, and 0.50. 
Only the 5-substituted trans adduct 93a could be isolated in pure 
form, R^ = 0.80. The other fractions were mixtures.
Characterization of 93a: Ms: M+ , 152(38.8); 111(85.9); 99(29.3);
84(100.0); 82(15.5); 79(38.7); 77(15.9); 69(16.8); 68(36.3); 67(20.9); 
54(49.6); 53(20.0); 42(55.4); 41(34.4); 39(53.2); 30(16.4); 29(15.3); 
28(22.0); 27(15.6). Ir (HCCI3) : 2980cm"1(3.36y, s); 2870(3.48, s);
2260(4.42, w) 1475(6.78, s) ; 1430(6.99, s); 1330(7.52, s); 1295(7.72, 
m); 1230(8.13, m) ; 1110(9.00, s); 1030(9.70, s) ; 990(10.10, s); 
965(10.36, m); Nmr (DCCI3 ) : 60.10-0.35(m, 2H); 0.47-0.72(m, 2H); 0.80- 
1.00(m, 1H); 1.70-1.95(a broad absorption, 1H); 2.45(ddd, J = 12.5Hz,
J = 8.3Hz, J = 4.2Hz, 1H); 2.80(s, 3H); 2.82(ddd, J = 12.5Hz, J =
9.1Hz, J = 8.0Hz, 1H); 4.70(dd, J = 9.1Hz, J = 4.2Hz, 1H).
The fraction having R^ value of 0.70 consisted of 5-substituted 
cis (92a) and 4-substituted cis (94a) adducts.
Characterization of a mixture of 92a and 94a: Ms: M+ , 152(26.9);
111(25.7); 99(23.4); 84(100.0); 68(19.2); 42(18.0). Ir (HCCI3): 
2970cm~1(3.36y, s); 2870(3.48, s); 2253(4.44, m ) ; 1455(6.87, s); 1435 
(6.97, s); 1325(7.55, m ) ; 1235(8.10, m ) ; 1115(8.97, m ) ; 1025(9.76, s); 
970(10.31, s). Nmr (DCCI3 ) , 92a: 60.13-0.88(m, 5H); 2.25-2.40(like
a very broad quarted, IH) ; 2.58(ddd, J = 12.7Hz, J = 8.7Hz, J = 7.7Hz,
170
1H); 2.73(ddd, J = 12.7Hz, J = 7.0Hz, J - 4.8Hz, 1H); 2.83(s, 3H); 
4.69(dd, J = 8.7Hz, J = 4.8Hz, 1H). Nmr (DCCI3 ) , 94a: 60.13-0.88(m,
4H); 0.98-1.18(m, 1H); 1.78-2.00(like a very broad triplet, 1H);
2.74(s, 3H); 3.51(ddd, J = 9.0Hz, J = 8.7Hz, J = 6.9Hz, 1H); 4.03(dd,
J - 8.7Hz, J = 6.9Hz, 1H); 4.20(dd, J = 9.0Hz, J - 8.7Rz, 1H).
The third fraction, = 0.50, was a mixture of compounds 93a 
and 94a as well as 4-substituted trans adduct 95a. Ir (HCCI3 ) :
2970cm"1(3.36y, s); 2935(3.40, s); 2870(3.48, s); 2265(4.41, m) ; 
1455(6.87, s); 1435(6.97, s); 1325(7.55, m) ; 1235(8.10, m ) ; 1115(8.97, 
s); 1025(9.76, s); 970(10.3, s); 910(10.99, s). Nmr (DCCI3) , 95a: 
60.13-0.93(m, 5H); 2.06-2.19(like a very broad triplet, 1H) ; 2.78(s, 
3H); 3.31(ddd, J = 8.5Hz, J = 7.8Hz, J = 5.2Hz, 1H); 4.08(dd, J =
8.5Hz, J = 5.2Hz, 1H) ; 4.12(dd, J = 8.5Hz, -J = 8.5Hz, 1H) .
Reaction of Phenyl Vinyl Sulfone and C-Cyclopropyl-N-methyl Nitrone
In 3.5 h at 63°C, the reaction gave both the 4 and 5-substituted 
adducts as white solids in 87% overall yield and ratio of 62:38 by 
nmr.
The 5-substituted adduct isolated by pic was exclusively the cis 
isomer (92c), R^ = 0.35 (25%, 3 elution, uv detection), mp = 102-103°C.
Characterization of 92c: Anal. Calcd. for C 13H 1 7SO3N: C, 58.43; 
H, 6.37; N, 5.24. Found: C, 58.21; H, 6.22; N, 5.18. Ms: M+ , 
267(17.2); 126(80.1); 98(43.8); 96(18.9); 84(51.5); 83(17.3); 82(76.3); 
77(100.0); 70(19.1); 68(21.9); 67(26.7); 57(20.1); 56(20.0); 51(23.6); 
42(44.1); 41(42.4). Ir (HCCI3) : 2957cm"1(3.38y, m ) ; 1447(6.91, m ) ;
1321(7.57, s); 1150(8.70, s); 1065(9.39, m ) . Nmr (DCC13) : 60.12-
0.35(m,2H); 0.45-0.62(m, 2H); 0.62-0.85(m, 1H); 2.17-2.37(a broad
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absorption, 1H); 2.65(ddd, J = 13.8Hz, J = 9.5Hz, J = 8.9Hz, 1H);
2.85(s, 3H); 3.05(ddd, J = 13.8Hz, J = 6.0Hz, J = 2.9Hz, 1H) ; 4.92 
(dd, J = 8.9Hz, 2.9Hz, 1H); 7.50-8.00(m, 5H).
The 4-substituted adduct was a mixture of cis (94c) and trans 
(95c) isomers in a ratio of 32.68. The isomers could not be separated 
from each other by pic, = 0.32 (25%, 3 elution, uv detection).
Characterization of a mixture of 94c and 95c: Anal. Calcd. for
C1 3H 1 7S03N: C, 58.43; H, 6.37; N, 5.24. Found: C, 58.16, H, 6.34;
N, 4.97. Ms: M+ , 267(29.0); 125(57.9); 124(93.2); 99(50.4); 84(100.0);
81(18.0); 79(20.7); 77(54.0). Ir (HCC13) : 2985cm-1(3.35y, m ) ; 2895
(3.45, m); 1450(6.90, m ) ; 1325(7.54, s); 1150(8.70, s); 1090(9.17, s); 
1050(9.52, m); 910(10.99, s) . Nmr (DCCI3) , 94c: 60.12-0.80(ra, 4H);
1.25-1.47(m, 1H); 1.87-2.07(a broad absorption, 1H); 2.73(s, 3H);
3.85-4.32(m, 3H); 7.50-8.00(m, 5H). Nmr (DCCI3 ), 95c: 60.12-0.80
(m, 4H); 0.80-1.00(m, 1H); 2.50-2.62(a broad absorption, 1H); 2.75 
(s, 3H); 3.85-4.32(m, 3H); 7.50-8.00(m, 5H).
Reaction of Styrene and C-Cyclopropyl-N-methyl Nitrone
After about 35 h at 62-63° the reaction gave the cis and trans 
isomers of the 5-substituted adduct (92d and 93d) in 8 6 % yield. The 
ratio of stereoisomers was 68:32 by nmr; they were separated by pic 
(25%, 1 elution, uv detection) having R^ values of 0.28 (major) and 
0.34 (minor), but because of complex multiplet absorption of Hi+a,
Hi^ and H 3 of 92d and 93d between 1.97 and 2.72, it was almost 
impossible to distinguish the isomers from each other by their nmr 
spectrum.
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Characterization of 92d or 93d (major): Ms: M+ , 203(31.6);
157(36.4); 129(27.9); 115(24.1); 99(44.9); 91(32.1); 84(100.0);
77(33.8); 68(24.9); 42(15.9). Ir (HCC13) : 2950cm"1(3.39y, s);
2900(3.45, s); 1955(5.11, w) ; 1880(5.32, w) ; 1810(5.52, w ) ; 1490(6.71,
w); 1450(6.90, s); 1370(7.30, m ) ; 1297(7.71, m ) ; 1110(9.00, m ) ;
1020(9.80, s); 980(10.20, m ) ; 950(10.53, s). Nmr (DCCI3 ) : 60.05-
0.38(m, 2H); 0.38-0.75(m, 2H); 0.75-1.00(m, 1H); 1.90-2.13(b, 1H); 
2.30(ddd, J = 12.3Hz, J = 7.9Hz, J = 6 .6Hz); 2.56(ddd, J = 12.3Hz,
J = 8.5Hz, J = 8.5Hz); 2.85(s, 3H) ; 5.08(dd, J = 8.5Hz, J « 6 .6Hz);
7.15-7.50(m, 5H).
Characterization of 92d or 93d (minor): Ms: M+ , 203(37.1);
1
157(37.1); 129(39.8); 128(29.2); 115(33.2); 105(24.3); 99(31.9);
91(36.5); 85(28.2); 84(100.0); 77(60.0); 69(34.4); 68(31.7); 42(31.5).
Ir (HCCI3) : 2980cm"1(3.35y, s) ; 2880(3.47, s); 1595(6.27, w ) ; 1485(6.73,
w); 1450(6.90, s); 1290(7.75, w) ; 1100(9.09, w) ; 1020(9.80, s); 955 
(10.47, s). Nmr (DCCI3 ) : 60.09-1.17(m, 5H); 1.97-2.72(m, 3H); 2.82
(s, 3H); 5.11(dd, J « 7.5Hz, J = 7.5Hz, 1H); 7.15-7.58(m, 5H).
10. Synthesis of C,C-Dicyclopropyl-N-methyl Nitrone
A sodium ethoxide solution was made by the reaction of 0.23g 
(O.Olg-atoms) of sodium with 20 ml of absolute ethanol under nitrogen. 
Dicyclopropylketoxime (1.25g, 0.01 mol) was added to this solution, 
followed by addition of 1.70g (0.012 mol) of methyl iodide in one 
portion. The reaction progress was checked by pH paper and stopped 
when the pH was below 7 (-1.5 h ) . After evaporation of the solvent 
at room temperature and reduced pressure the residues were extracted 
with chloroform, filtered, and then the nitrone was separated from
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the mixture on a florisil column first eluting the O-methylated 
oxime, 38, = 0.74 (25%, 1 elution, I2 detection) and unreacted
ketone, R^ = 0.29 (I2 detection) by chloroform and then applying 50:50 
mixture of chloroform and methanol to elute C,C-dicyclopropyl-N-methyl 
nitrone, 39 (yellowish oil, 30% yield) which was strongly adhered to 
florisil (R^ = 0, 25%, uv detection). The separation could also be 
done on a pic plate. The ratio of nitrone 39 to 0-methyl oxime 38 
was 40:60 determined by nmr spectroscopy.
Characterization of 39: Ms: M+ , 139(100.0); 138(19.4); 124
(46.7); 108(43.4); 94(40.9); 91(16.2); 82(64.8); 81(23.2); 80(15.3); 
79(31.2); 77(46.6); 68(52.8); 66(18.8); 65(31.9); 55(15.3); 42(18.9); 
41(24.3); 39(25.7). Ir (HCCI3) : 2963cm"1(3.37y, s); 1565(6.39, m ) ;
1397(7.16, m); 1287(7.77, m ) ; 1200(8.33, s); 1170(8.54, s); 1090(9.17, 
m); 1035(9.66, s); 976(10.24, s). Nmr (DCCI3 ) : 60.63-1.65(m, 9H);
1.95-2.54(m, 1H); 3.92(s, 3H).
Characterization of 38: Ms: M+ , 139(23.8); 124(15.0); 108(17.3);
Ir (HCCI3) : 3100cm"1(3.23y, m ) ; 2990(3.34, s); 2950(3.39, s); 2900
(3.45, m); 2825(3.54, m ) ; 1607(6.22, s) ; 1465(6.82, m ) ; 1430(6.99, m ) ; 
1400(7.14, m); 1260(7.94, m ) ; 1180(8.47, m ) ; 1100(9.09, m ) ; 1050(9.52, 
s); 1030(9.71, s); 900(11.11, s); 852(11.74, s). Nmr (DCCI3 ) : 6 0.45-
1.09(m, 9H); 2.07-2.68(m, 1H); 3.87(s, 3H).
Synthesis of Dicyclopropylketoxime
Dicyclopropylketone (5.28g, 0.048 mol), hydroxylamine hydro­
chloride (4.00g, 0.048 mol), sodium bicarbonate (4.25g), and 15 ml of 
water were heated together in an oil bath at 100°C for six hours. After 
cooling the mixture, 15 ml of petroluem ether was added and the layers
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were separated. The crystallized dicyclopropylketoxime was filtered 
as colorless prisms in 60% yield (3.6g), mp. = 76-77°C.
Characterization of dicyclopropylketoxime: Anal. Calcd. for
C 7H n N0: C, 67.20; H, 8.80; N, 11.20. Found: C, 67.12; H, 8 .8 8 ;
N, 11.18. Ms: M+ , 125(65.5); 124(53.9); 110(79.3); 108(47.3); 106
(22.2); 96(18.1); 80(100); 79(53.1); 68(50.7). Ir (HCC13) : 3600cm"1
(2.78y, m); 3280(3.05, s); 3100(3.22, m ) ; 3000(3.33, m) , 1630(6.13, m ) ; 
1430(7.00, m); 1395(7.17, m ) ; 1367(7.31, m ) ; 1320(7.57, m ) ; 1220(8.20, 
m); 1100(9.09, m ) ; 1028(9.73, m) ; 935(10.70, s). Nmr (DCCI3) : 60.47-
I.17(m, 9H); 2.17-2.72(m, 1H) ; 8.13(s, 1H).
II. Cycloadditions of C,C-Dicyclopropyl-N-methyl Nitrone
The cycloadditions were carried out at room temperature or higher 
by mixing solitions of 0.72 mmol of the dienophile in 0.25g of DCCI3 
and 0.72 mmol of the nitrone in 0.25g of DCCI3 in nmr tube sealed 
under nitrogen. Bruker WP-200 spectrometer was used for adducts 
which had complicated nmr spectra.
Reaction of Methyl Propiolate and C,C-Dicyclopropyl-N-methyl Nitrone 
After 25 h at room temperature the 4-substituted adduct 100 
was obtained as the only product of this reaction in 90% yield, oily 
material, = 0.56 (25%, 1 elution, uv detection).
Characterization of 100: Ms: M+ , 223(6.5); 182(100.0); 82(37.2);
81(10.0); 69(16.3); 41(30.4); 39(20.0). Ir (HCC13) : 2945cm"1(3.39p,
m); 1710(5.84, s); 1623(6.16, s); 1440(6.94, m ) ; 1340(7.46, s); 
1152(8.68, s); 1130(8.85, s); 1105(9.05, s); 1028(9.72, m ) . Nmr 
(DCCI3) : 60.28-1.50(m, 10H); 2.94(s, 3H); 3.72(s, 3H) ; 7.31(s, 1H).
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A sample of the isoxazoline 100 in deuterated chloroform was 
heated in a nmr tube under nitrogen at 70°C. After 30 h, the =CH 
singlet of isoxazoline at 67.31 had disappeared. Only dicyclopropyl­
ketoxime could be isolated from the mixture.
Reaction of Methylacrylate and C,C-Dicyclopropyl-N-methyl Nitrone
After about 14 h at 62-63°C, the reaction gave both the 4 (?7b),
R^ = 0.32 (25%, 1 elution, I2 detection), and 5-substituted (96b),
R^ = 0.20 (25%, 1 elution, I2 detection), adducts as yellowish oils
in 6 8 % overall yield and ratio of 55:45.
Characterization of 97b: Ms: M+ , 225(14.8); 184(100.0); 149(17.9);
139(16.2); 124(21.3); 94(16.0); 91(19.5); 85(24.6); 83(28.2); 82(24.1); 
77(24.7); 55(15.4); 41(26.6). Ir (HCCI3 ) : 2900cm"1(3.45y, m ) ; 1725
(5.80, s); 1435(6.97, m) ; 1365(7.33, m ) ; 1315(7.60, m ) ; 1265(7.90, m ) ; 
1165(8.58, s); 1020(9.80, s); 985(10.15, m ) . Nmr (DCCI3 ) : 60.17- 
1.10(m, 10H); 2.65(s, 3H) ; 3.04(dd, J = 8.5Hz, J = 7.5Hz, 1H) ; 3.66(s,
3H); 3.92(dd, J = 8.5Hz, J = 8.5Hz, 1H); 4.22(dd, J = 8.5Hz, J = ?.5Hz,
1H).
Characterization of 96b: Ms: M+ , 225(14.4); 184(100.0); 124
(24.0); 91(16.5); 83(17.5); 82(18.7); 41(15.0). Ir (HCCI3) : 2995cm'1
(3.34y, m); 1735(5.76, s) ; 1430(6.99, m) ; 1350(7.40, w) : 1275(7.P;, m ) ; 
1090(9.17, m); 1020(9.80, m ) . Nmr (DCCI3 ) : 60.19-1.10(m, 10H);
2.04(d, J = 8.0Hz, 2H); 2.70(s, 3H); 3.70(s, 3H); 4.44(t, J - 8.0Hz,
1H) .
176
Reaction of Acrylonitrile and C,C-Dicyclopropyl-N-methyl Nitrone 
The reaction gave both the 4 (97a) and 5-substituted (96a) 
adducts after 12 hrs at 62-63°C in 62% overall yield and ratio of 
76:24 as oily compounds. The R^ values (25%, 1 elution, I2 detection) 
of the adducts 97a and 96a were 0.27 and 0.33, respectively.
Characterization of 97a: Ms: M+ , 192(23.6); 151(100.0); 139
(29.6); 124(30.3); 108(19.8); 94(18.8); 92(17.9); 82(26.3); 41(16.7).
Ir (HCCI3 ) : 3090cm-1(3.24y, m ) ; 2950(3.39, s); 2900(3.45, s); 2250
(4.44, s); 1465(6.82, s); 1440(6.94, s); 1385(7.22, m ) ; 1240(8.06, m ) ; 
1100(9.09, m); 1030(9.70, s); 980(10.20, s). Nmr (DCCI3) : 60.43-
1.30(m, 10H); 2.70(s, 3H); 3.17(dd, J = 7.0Hz, J = 9.0Hz, 1H); 4.00 
(dd, J = 7.0Hz, J = 8.3Hz, 1H); 4.18(dd, J = 8.3Hz, J = 9.0Hz, 1H).
Characterization of 96a: Ms: M+ , 192(22.7); 151(100.0); 149
(30.3); 139(28.6); 124(27.3); 108(28.0); 94(20.4); 93(21.1); 92(20.7);
91(28.6); 85(15.1); 83(15.1); 82(40.5); 81(26.6); 80(21.1); 79(29.3);
77(33.9); 71(17.8); 69(32.6); 68(23.4); 67(22.0); 66(15.1); 65(28.6);
57(29.6); 55(28.0); 53(22.7); 43(24.3); 42(26.0); 41(49.0); 39(35.9).
Ir (HCCI3 ): 2950cm"1(3.38y, s); 2250(4.44, w) ; 1455(6.87, m ) ; 1230 
(8.13, m); 1090(9.17, m ) ; 1020(9.80, s); 900(11.1, m ) . Nmr (DCCI3 ) : 
60.29-1.26(m, 10H); 2.12-2.36(m, 2H); 2.80(s, 3H); 4.65(dd, J = 7.5Hz,
J = 6.5Hz, 1H).
Reaction of Phenyl Vinyl Sulfone and C,C-Dicyclopropyl-N-methyl Nitrone 
In 9 h at 62-63°C the reaction gave exclusively the 4-substituted 
adduct 97c in 60% yield, Rf = 0.77 (75%, 1 elution, uv detection).
Characterization of 97c: Ms: M+ , 307(10.4); 266(54.7); 139
40.3); 125(100.0); 124(76.1); 91(15.6); 79(16.9); 77(56.9). Ir (HCCI3) :
177
2945cm-1(3.39y, m ) ; 2900(3.45, m ) ; 1443(6.93, m ) ; 1320(7.57, s); 
1280(7.81, m); 1150(8.70, s); 1085(9.21, s); 1030(9.71, m ) ; 995 
(10.05, m); 910(10.99, s). Nmr (DCCI3) : 60.29-0.97(m, 8H ) ; 1.20-
1.78(m, 2H); 2.77(s, 3H); 3.74-4.37(m, 3H); 7.45-8.05(m, 5H).
Reaction of Styrene and C,C-Dicyclopropyl-N-methyl Nitrone
After about 9 days at 62-63°C, the reaction gave only the 5- 
substituted adduct 96d in 40% yield as yellowish oil, R^ = 0.51 
(25%, 1 elution, uv detection).
Characterization of 96d: Ms: M+ , 243(33.5); 203(17.5); 202
(100.0); 197(25.3); 141(16.1); 139(27.6); 134(26.0); 129(19.5); 
128(19.5); 124(23.7); 108(20.9); 105(18.8); 94(16.2); 91(54.7); 82
(23.3); 79(20.1); 78(15.9); 77(47.5); 41(16.8). Ir (HCC13) :
3075cm"1(3.25y, m ) ; 2850(3.50, s); 2800(3.57, s); 1450(6.90, s); 
1370(7.30, m); 1095(9.13, m) ; 1020(9.80, s); 970(10.31, m ) ; 905 
(11.05, s). Nmr (DCCI3 ); 60.25-0.60(m, 8H) ; 0.60-1.17(m, 2H);
1.84(dd, J - 12.3Hz, J = 8.7Hz, 1H); 2.23(dd, J = 12.3Hz; J = 7.7Hz, 
1H); 2.82(s, 3H); 5.06(dd, J = 8.7Hz, J - 7.7Hz, 1H) ; 7.15-7.50(m, 5H).
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attendance at Pars College and after graduation until 1974.
In the Fall of 1974 he entered Graduate School of Louisiana 
State University at Baton Rouge, Louisiana. He is currently a 
candidate for the degree of Doctor of Philosophy in the field of 
Organic Chemistry.
He married Anahid Harvand in 1974, just a day before they flew 
to the United States.
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